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ABSTRACT
The r e l a t i v e  c o n t r i b u t i o n s  t o  o rgan ic  m a t te r  product ion and th e
I n t e r a c t i o n s  between submerged vascu la r  p l a n t s  and t h e i r  a s s o c ia ted
microalgae  assemblages were Inves t iga ted  In seag ra s s  communities
c h a r a c t e r i s t i c  of t h e  lower Chesapeake Bay. The s t u d i e s  were conducted
In t h r e e  p a r t s ;  the  f i r s t  compared produc tion and r e s p i r a t i o n  of  th e
major au to t ro p h lc  components In ad j a c e n t  seag ra s s  communities dominated
by Zos te ra  marina and Rupp la marl t lma. r e s p e c t i v e l y .  Annual produc tion
f o r  the  two communities d i f f e r e d ;  In t h e  Z. marina a rea  mlcroalgal  ( I . e .
phytoplankton and b en th ic  microalgae) p roduction  dominated during th e
summer months, whereas In t h e  R*. marl t lma a rea ,  t h e  macrophyte-eplphyte
complex dominated th roughout t h e  growing season.  Both a reas  e x h ib i t e d
_2
high annual g ross  production  r a t e s  (1580 gC m In th e  Z. marina a rea  
_2
and 1000 gC m In t h e  marl t lma area)  of which th e  microalgae 
accounted fo r  45$ and 36$ In th e  two communit ies r e s p e c t i v e l y .  The 
r a t i o  of  ne t  product ion t o  dark r e s p i r a t i o n  (P/R) exceeded 1.0  fo r  each 
o f  the  components, sugges t ing  expor t  and /o r  b u r i a l  of  carbon from th e  
system.
The second s e r i e s  of  s t u d i e s  Inves t iga ted  s p e c i f i c  I n t e r a c t i o n s  
between Z. marina and I t s  e p i p h y t i c  mic roa lgae .  Two s i t e s  were 
examined, where pervious  o b s e rv a t io n s  had been made of  d i f f e r i n g  
e p ip h y t i c  c o l o n iz a t io n  p a t t e r n s .  The two seag ra s s  ecosystems d i f f e r e d  
markedly In e p ip h y t i c  abundance,  community s t r u c t u r e ,  and p r o d u c t i v i t y  
and r e s p i r a t i o n  of  t h e  e p i p h y t i c  complex. Based on g ro s s  morphological
c h a r a c t e r i s t i c s  of  t h e  seag ra s s  hos t ,  d i f f e r e n c e s  In n u t r i e n t  co n d i t io n s
xi
could e x i s t  a t  t h e  two s i t e s ,  where t h e  h y p o th e t i c a l ly  enr iched s i t e  
co inc ided  with a f l o u r i s h i n g  e p i p h y t i c  community.
E f f e c t s  of  n u t r i e n t  enr ichment and l i g h t  reduc t ion  on e p ip h y t i c  
growth were examined d i r e c t l y  In t h e  t h i r d  phase of t h i s  s tudy using 
c o n t r o l l e d  microcosm exper iments .  Both n u t r i e n t  enrichment and l i g h t  
reduc t ion  led t o  enhanced e p i p h y t i c  p r o d u c t i v i t y  and biomass,  as  well as 
Increased l i g h t  a t t e n u a t io n  a s s o c ia t e d  with e p ip h y t i c  growth.  D i rec t  
reduc t ion  In ambient l i g h t  a l s o  s t im u la ted  e p ip h y t i c  product ion r e l a t i v e  
t o  t h a t  of  t h e  seag rass  hos t .  Reduced abundance of  p la n t  leaves In th e  
n u t r i e n t  enriched  systems perhaps Indica ted  some s igns  of  s t r e s s  t o  Z. 
marina. This  s tudy sugges ts  t h a t  n u t r i e n t  enrichment and l i g h t  
reduc t ion  In t h e  water column could Increase e p ip h y t i c  growth and 
produc t ion ,  poss ib ly  a t  t h e  expense of  t h e  macrophyte.
Laura Murray 
Department o f  Marine Sciences 
The College of  William and Mary In V irg in ia
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METABOLIC AND STRUCTURAL STUDIES OF SEVERAL TEMPERATE 
SEAGRASS COMMUNITIES, WITH EMPHASIS ON MICROALGAL COMPONENTS
CHAPTER 1 
GENERAL INTRODUCTION
2
3The r o l e  and r e l a t i v e  Importance of  seag ra s se s  In shallow aq u a t i c  
environments has been th e  s u b je c t  of  e x ten s iv e  r e s e a r c h .  Seagrass d i s ­
t r i b u t i o n  and abundance has been documented on a world-wide b a s i s  by den 
Hartog (1970) and s p e c i f i c a l l y  fo r  t h e  Chesapeake Bay by Orth and Moore
(1979).  Recent work on seag ra s s  p r o d u c t iv i t y  has provided
_2
annual product ion e s t im a te s  of  200-3000 gC m fo r  Thai ass  I a te studlum
(Jones 1968; B I t t a k e r  1975; McRoy and McMIIIIan 1977), 200-800 gC m"2
fo r  Z os te ra  marina (Nixon and O v la t t  1972; McRoy 1974; Nelnhuls 1980;
_2
Wetzel 1983) and 50-150 gC m fo r  Rupp I a marl tlma (Verhoeven 1979; 
Richardson 1980; Wetzel 1983).  R. mar l t lma . which t o l e r a t e s  a wide 
range of  s a l i n i t i e s  (Verhoeven 1979) Is cons idered  a seagrass  In t h i s  
s tudy .  These va lues  Ind ica te  t h a t  seag ra s se s  a r e  major 
au to t ro p h lc  c o n t r i b u t o r s  t o  aq u a t i c  ecosystems and on an a rea l  b a s i s  
rank second only  t o  c o as ta l  s a l t  marshes (Pomeroy and Wlegert 1981).
The purpose of  t h i s  s tudy Is t o  ev a lu a te  t h e  production and 
r e s p i r a t i o n  of  severa l  au to t roph  Ic components o f  seag ra s s  beds In th e  
lower Chesapeake Bay. The focus Is on two sp e c ie s  of  seag ras ses  and th e  
mlcroalga l  components (In  t h i s  system macroalgae a re  only p re s en t  for  
s h o r t  pe r iods  o f  t ime and a r e  not  Included In t h i s  e v a l u a t i o n ) .
Secondly,  p Ian t - e p Ip h y te  I n t e r a c t i o n s  were eva lua ted  In r e l a t i o n  t o  mac- 
rophyte growth.  This  po r t ion  of  t h e  study Involved detemlnlng the  
community s t r u c t u r e  and metabolic  p a t t e r n s  of  e l p h y t l c  popula t ions  of  Z±. 
marina In two d i s t i n c t l y  d i f f e r e n t  na tu ra l  systems.  T h i rd ly ,  t h e  e f f e c t  
of  n u t r i e n t  enrichment and l i g h t  reduc t ion  on t h e  p ia n t - e p Ip h y te  complex 
was eva lua ted  exper im en ta l ly  with in  mlcrcosms.
4The approach of  th e  study Involved t h r e e  s e p a r a t e ,  though In­
t e g r a t e d ,  I n v e s t i g a t i o n s .  In t h e  f i r s t ,  f i e l d  I n v e s t i g a t io n s  of  
p r o d u c t i v i t y  and r e s p i r a t i o n  of au to t roph Ic  components were conducted.
In t h e  second,  e s t im a te s  were made of t h e  growth p a t t e r n s  and metabo lic 
s t r a t e g i e s  of p l a n t  and ep iphy te  from two na tura l  s eag rass  ecosystems.
In t h e  t h i r d ,  c o n t ro l l e d  experiments Involving changes In l i g h t  and 
n u t r i e n t  co n d i t io n s  were performed t o  examine e f f e c t s  on s e a g ra s s -  
epIphyte  r e l a t i o n s h i p s .
Seagrass communities harbor a d iv e rs e  b i o t i c  assembledge c o n ta in ­
ing d iv e r s e  au to t roph Ic  and h e t e ro t ro p h lc  p o p u la t ions .  Several major 
au to t roph Ic  components can be I d e n t i f i e d  In th e s e  systems: s e a g ra s s e s ,
ben th ic  micro and macro a lg a e ,  phytoplankton and e p ip h y t i c  a lg a e .  This  
d i v e r s i t y  of  primary producers  In a s i n g l e  system provides  numerous 
pathways fo r  au to t ro p h lc  biomass u t i l i z a t i o n  and leads t o  a g r e a t e r  
d i v e r s i t y  In h e t e r o t r p h l c  organisms wi th in  t h e  seag rass  beds as opposed 
t o  surrounding ba re  s u b s t r a t e s  (Marsh 1975; Orth 1973; Stoner 1980). 
Although d i r e c t  graz ing  on seag ras ses  by h e te ro t rophs  Is l imited  (Thayer 
1978; Zimmerman e t  a l .  1979; Wilkins 1982), s eag rass  production 
does suppor t  high r a t e s  of  secondary p roduc t ions  v ia  d e t r l t a l  
pathways (Zimmerman e t  a I 1979; McConnoughey and McRoy 1979)
In c o n t r a s t ,  t h e  microalgae popu la t ions  (phy toplankton ,  ben th ic  and 
e l  phy t i c )  se rve  as a d i r e c t  food source t o  many herbivorous  
primary consumers.  In a d d i t io n  t o  t h e  food cha ins  a s so c ia ted  
with phytoplankton and ben th ic  a lg a e ,  e p ip h y t i c  a lga l  food cha ins  
have been demonstrated (B ra s le r  1975; Kekerchi and Perez 1977; Thayer e t  
a l .  1978; H ar l ln  1980; Ogden I980; Morgan I980; von Montfrans e t  a l .
1982).
5Seagrass  meadows a c t  as re fuge  a rea s  fo r  prey s p e c i e s .  Nelson e t  
a l .  (1980) and Morgan(l980) documented th e  use of  s eag ra s s e s  by small 
I n v e r t e b r a t e s ( I . e .  amphlpods and myslds) t o  escape p re d a t io n .  J u v en i l e  
f i s h  a l s o  swim Into g r a s s  beds when being pursued by I n v e r t e b r a t e s ( I . e .  
blue  c ra b s ,  Heck and Orth ,  per s .  comm.) and by la rg e r  f i s h  (Lascara  
1981).
Most s t u d i e s  of  au to t roph  Ic product ion of  s eag ra s s e s  have Involved 
Individual  measurements on th e  va scu la r  p l a n t  (McRoy 1974; Zleman 1974;) 
or  t h e  t o t a l  product ion of  th e  community (Nixon and O v la t t  1972; D i l lon  
1971; Nelnhuls 1980; LIndeboom and DeBree 1982 Wetzel e t  a l .  1983). The 
combined eco log ica l  s i g n i f i c a n c e  of  t h e  v a r io u s  mlcroalgal  components 
has no t  been e x t e n s iv e ly  documented. Work In f re shw a te r  lakes Indica ted  
t h a t  phytoplankton and e p l b e n t l c  mlcoralgae  c o n t r i b u t e  over 50% of  t h e  
t o t a l  lake product ion (Wetzel 1964; Wetzel and Hugh 1973).  Ca t taneo  and 
Kalf f  (1980) repor ted  t h a t  ep ip h y t i c  a lgae  on th e  f re shw a te r  anglosperms 
Myrlophy11 urn splcatum L. and Potamogeton r l c h a r d s o n l 1 (Benn.) Rydb. 
co n t r ib u te d  as  much as 60% and 50%,r e s p e c t i v e l y ,  t o  t h e  t o t a l  production  
of  t h e  p ia n t - e p Ip h y te  complex. Comparable s t u d i e s  In marine ecosystems 
have shown s i m i l a r  r e s u l t s .  Jones (1968) working In a F lo r id a  Thai a s s  I a
te s t ld ln u m  g ra s s  bed determined t h a t  macrophyte product ion  c o n t r ib u te d
-2  -1 -2  -1900 gC m yr  , t h e  be n th ic  m ic ro f lo ra  200 gC m y r  , and ep iphy te
-2  -1product ion 200 gC m yr so t h a t  t h e  combined mlcroalgal  c o n t r i b u t i o n  
(exclud ing phytoplankton) was approximately 50% of  t h e  t o t a l .  In North 
C a ro l in a ,  D i l lon  (1971) es t im ated  t h a t  t h e  combined product ion of 
Zos te ra  marina and Halodule beaude t te l  (den Hartog) produc tion con­
t r i b u t e d  approximate ly seven t imes g r e a t e r  o rgan ic  m a t te r  Input than did 
phytoplankton p roduc t ion .  B I t t a k e r  (1975) repor ted  fo r  a T. testudlnum
6g r a s s  bed In F lo r id a  t h a t  t h e  r e l a t i v e  c o n t r i b u t i o n  by macrophytes and 
phytoplankton were approximately th e  same as repor ted  by Dil lon  (1971). 
In a more d e t a i l e d  s tudy ,  Penhale (1977) Ind ica ted  t h a t ,  on a dry weight 
b a s i s ,  macrophyte and ep iphy te  p ro d u c t iv i t y  In a North Carol ina  Zj. 
marina community bed were equal a t  c e r t a i n  t imes  of th e  year ;  Borum and 
Wlum-Andersen (1980) found s i m i l a r  r e s u l t s  In Denmark.
Although t h e  above s t u d i e s  s t u d i e s  r e p o r t  high r a t e s  of  product ion 
by th e  var ious  au to t rophs  In th e s e  communit ies , consumption 
( I . e .  r e s p i r a t i o n )  r a t e s  may a l s o  be h igh ,  e s p e c i a l l y  In 
sediments having high fauna I d e n s i t i e s .  Hargrave (1969) repor ted  a 
higher  ben th ic  carbon consumption r a t e  than could be supported 
by v as cu la r  p l a n t  product ion In a f reshwate r  lake.  LIndeboom and deBree 
(1982) found t h a t  both product ion and consumption were le ss  fo r  bare  
s u b s t r a t e s  than In nearby Z. marina a r e a s ,  Ind ica t ing  a higher  
h e t e ro t ro p h lc  a c t i v i t y  w ith in  t h e  g ra s s  beds.  Microalgae may provide 
more d i r e c t  suppor t  o f  h e te ro t ro p h lc  production  In seag rass  beds than 
th e  macrophytes. This  Is because: 1) a s i g n i f i c a n t  f r a c t i o n  of th e
v a s c u la r  p l a n t  production  may be metabo11ca11y (biochemical ly )  unava i l ­
ab le  t o  many he te ro t ro p h s ;  2) some p l a n t  ma te r ia l  Is undoubtedly 
expor ted  and 3) seag ra s s  beds a re  g e n e ra l ly  c h a r a c t e r i z e d  by high In- 
faunal  and ep l faunal  biomass,  many of which d i r e c t l y  u t i l i z e  the  
microa lgae .  Thus, I t  Is my hypothesi s  t h a t  s i g n i f i c a n t  c o n t r i b u t i o n  t o  
community production by microau tot rophs  a re  c h a r a c t e r i s t i c  of  submerged 
g r a s s  beds In both tempera te  and t r o p i c a l  ecosystems.
A complex r e l a t i o n s h i p  between t h e  seag ra s se s  and th e  microalgae 
has been demonstrated.  S tud ies  on p ia n t - e p Ip h y te  r e l a t i o n s  have Indi­
ca ted  some d i r e c t  t r a n s f e r  of m a te r i a l s  (carbon and n u t r i e n t s )  between
7t h e  two (Harl In  1973, 1975; McRoy and GoerJng 1974; Bryl Insky 1977; 
Penhale and Thayer 1980; Smith and Penahle 1980). Several nega t ive  In­
t e r a c t i o n s  have a l s o  been documented, Including th e  reduc t ion  of 
n u t r i e n t  uptake by th e  macrophyte (Beer e t  a l .  1979) and th e  a t t e n u a t io n  
of  l i g h t  by heavy e p ip h y t i c  growth (Sand-Jensen 1977; Borum and Wlum- 
Andersen 1980; Klorbe 1980), and macrophyte a l l e lo p a th y  t o  ep ip h y t i c  
growth ( Sand-Jensen 1977; Harrison and Chan 1980; Harrison 1982).  
Sand-Jensen (1977) suggested t h a t  shading due t o  e p ip h y t i c  growth on 
b lades  of  t h e  e e l g r a s s ,  Z. marina, reduced pho tosyn the t ic  carbon f i x a ­
t i o n  by th e  macrophyte.  Mlcroalgal f i lm s  on leaf  s u r fa c e s  a r e  
p o t e n t i a l l y  competi to rs  fo r  Inorganic carbon,  gas d i f f u s i o n  b a r r i e r s  and 
l i g h t  a t t e n u a t in g  (both q u a n t i ty  and q u a l i t y )  I n t e r f a c e s .  Most 
a lga l  popu la t ions  e x h i b i t  r ap id  and Increased growth with n u t r i e n t  en­
richment  (Welch e t  a l .  1972; Ferguson e t  a l .  1976) and,  f o r  e e l g r a s s  In 
t h e  m id -A t lan t ic  reg ion ,  e p ip h y t i c  growth c o n s i s t s  p r im a r i ly  of 
diatoms and f l l lm en tous  a lgae  (S lebur th  and Thomas 1973; van Montfrans 
e t  a l .  1982),  which w i l l ,  h y p o th e t i c a l l y ,  respond In a s i m i l a r  manner.
The e f f e c t s  of  Increased d is so lved  Inorganic n u t r i e n t s  
and Increased shading concomitant  with ep iphy te  growth on le a f  su r fa c e s  
may p o t e n t i a l l y  a c t  as  a s i g n i f i c a n t  con t ro l  on macrophyte photosyn­
t h e s i s  and biomass p roduc t ion .  For example, In some f reshw ate r  systems 
P h i l l i p s  e t  a l .  (1978) found t h a t  diatom growth on th e  macrophyte
Najas marina Increased t h r e e f o l d  with t h e  ad d i t io n  of  f e r t i l i z e r
-2  -1(N:P=10) a t  a r a t e  of  2 .0  g P m yr  . S l id e s  al lowed t o  co lo n ize  In 
t h e  same waters  showed an 84% decrease  In l i g h t  t r a n s m is s io n .  Moss 
(1981) noted t h a t  f reshw ate r  lakes enr iched  In n i t rogen  e x h ib i t e d  h igher
8d e n s i t i e s  o f  ep iphy tes  on th e  macrophyte Potamogeton p e c t l n a t u s . Sand- 
Jensen and Sondergaard (1981) working In lakes of  vary ing  n u t r i e n t  
c o n c e n t r a t io n s  repor ted  t h a t  e p ip h y t i c  growth was 200 t imes g r e a t e r  In 
lakes of  high ambient n u t r i e n t  co n ce n t ra t io n  compared t o  lakes of  low 
n u t r i e n t  c o n c e n t r a t i o n .  These au tho rs  concluded t h a t  Increased 
e p ip h y t i c  growth could u l t im a te ly  lead t o  m o r t a l i t y  of  t h e  macrophyte 
due t o  ext remely reduced l i g h t  a v a i l a b l e  fo r  macrophyte pho tosyn thes i s .  
Sand-Jensen and Sondergaard (1981) a l s o  repo r ted  low 
phytoplankton co n c e n t r a t i o n s  corresponding t o  n u t r i e n t  enrichment and 
suggested  t h a t  t h e  phytoplankton a r e  outcompeted by a t t a c h e d ,  
e p ip h y t i c  a lgae  and played a minor r o l e  In water  column l i g h t  
a t t e n u a t i o n .  N u t r ien t  enrichment s t u d i e s  Involving seag ras ses  sugges t  
t h a t  whi le  some growth of  v a s cu la r  p l a n t s  occurs  with n u t r i e n t  ad d i t io n s  
t o  t h e  water column (Har l ln  and Thorne-MII ler  1981),  g r e a t e r  Increases  
occur when they  a re  added t o  t h e  sediment (Orth 1977). A d d i t i o n a l ly ,  If 
macroalgae a r e  p r e s e n t ,  e p ip h y t i c  and p la nk ton lc  mlcroalgal  growth due 
t o  n u t r i e n t  enrichment Is minimized (Har l ln  and Thorne-MIIler  1981).
L igh t  s a t u r a t i o n  of  pho tosyn thes i s  occurs  a t  leve l s  from ca 200- 
-2  -1700 uE m sec fo r  Z. marina (McRoy 1974; Penhale 1977; Wetzel and
Penhale 1983). For a Z. marina bed In t h e  lower Chesapeake Bay, mean
d a l ly  In s i t u  l i g h t  I n t e n s i t y  dur ing t h e  e a r ly  growing season was below
t h i s  range al though th e  da ta  a re  q u i t e  v a r i a b l e  (Wetzel and Penhale
1983).  If ep iphy te  l i g h t  a t t e n u a t io n  reduces t h e  l i g h t  a v a i l a b l e  t o  the
p l a n t  by 80£ as suggested  by P h i l l i p s  e t  a l .  (1978) and Sand-Jensen
and Sondergaard (1981),  then  severe  l i m i t a t i o n  of p l a n t  production could
occur with heavy e p ip h y t i c  growth.  Benthlc diatoms e x h i b i t  photosyn-
-2 -1t h e t l c  l i g h t  s a t u r a t i n g  I n t e n s i t i e s  (20-50 uE m hr ) much lower than
9Z. marina (Taylor 1964; Igna t lades  and Smayda 1970; Levin and
Mackas 1972; and Admiral 1977).  Assuming t h a t  t h e  ep ip h y t i c  diatoms of
Z. marina have s i m i l a r  l i g h t  s a t u r a t i o n  p o i n t s ,  then t h e i r
l i g h t  requirements would be d i s t i n c t l y  lower than t h e i r  s eag rass  hos t
and would have a com pet i t ive  advantage under reduced l i g h t  regimes.
In a d d i t io n  t o  the  p l a n t - e p lp h y t e  I n t e r a c t i o n s  described  above, 
macrophytes may a l s o  a f f e c t  ben th lc  mic roa lgae .  Work In s a l t  marshes 
has Indica ted t h a t  Increased macrophyte growth shades t h e  bottom, reduc­
ing ben th lc  m ic ro f lo ra  product ion (Gargas 1970; S u l l ivan  and DIaber 
1975; van Rata Ie e t  a l .  1976). In s e a g ra s s  systems,  va scu la r  p l a n t  
growth may a l so  shade the  bottom In a s i m i l a r  manner, decreas ing  a v a i l ­
ab le  l i g h t  t o  t h e  ben th lc  mic roa lgae .  However, t h i s  macrophyte growth 
provides  a s u b s t r a t e  for  e p i p h y t i c  a lga l  growth.
This re sea rch  was p a r t  o f  a l a rg e r  p r o j e c t  designed t o  a s s e s s  t h e  
r o l e  of seag ra s s  ecosystems In t h e  lower Chesapeake Bay (Wetzel 1983).
As a r e s u l t  of  th e s e  s t u d i e s ,  l i g h t ,  n u t r i e n t  co n c e n t r a t i o n s  and perhaps 
tempera tu re  were determined t o  be th e  major environmental f a c t o r s  In­
f luenc ing  seag ras s  community p roduc t ion .  T here fo re ,  t h e  e f f e c t  of  th e s e  
parameters  on microalga I growth and p r o d u c t i v i t y  was emphasized In th e s e  
s t u d i e s .
CHAPTER 2
OXYGEN METABOLISM OF THE PRINCIPAL AUTOTROPH 1C COMPONENTS OF A 
TEMPERATE SEAGRASS COMMUNITY: PLANT-EPIPHYTE, PHYTOPLANKTON,
AND BENTHIC MICROALGAE
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INTRODUCTION
Seagrass ecosystems a r e  composed of  severa l  au to t rophIc  
components; macrophyte,  b en th lc  microalgae,  phytoplankton and ep ip h y t ic  
m icroa lgae .  Evaluat ion  of t h e  product ion of  t h e  microautot roph 1c com­
ponents Is Important In t h a t  I t  provides  fo r  a b e t t e r  unders tanding of  
energy a v a i l a b l e  t o  d i r e c t  secondary production with in  seagrass  
communit ies .  Assessing th e  produc tion  and r e s p i r a t i o n  fo r  each of  th e  
m lc roau to t roph lc  components provides  fo r  an e s t im a te  of t h e i r  r e l a t i v e  
c o n t r i b u t i o n  t o  t h e  t o t a l  system. An assessment of  th e  d i f f e r e n c e s  In 
community production can be ob ta ined  by comparing th e  s p a t i a l  and tem­
poral  va lues  of  th e s e  measurements.
The purpose of  t h i s  s tudy was t o  e v a lu a te  t h e  r e l a t i v e  produc­
t i v i t y  and r e s p i r a t i o n  of  t h e  m lcroau to t roph lc  groups In a Z. marina and 
a JL. marl t lma dominated seag ra s s  ecosystem and t o  compare th e s e  measure­
ments t o  th o se  of  t h e  macrophyte.  The study had t h e  fo l lowing 
o b j e c t i v e s :  1) t o  e s t im a te  o rgan ic  matte r  produc tion by each of  the
groups r e l a t i v e  t o  t h e  t o t a l  system; 2) t o  c o n t r a s t  of  energy p a r t i t i o n ­
ing between component groups (microalgae  and vascu la r  p la n t )  In two 
ad jacen t  s eag ra s s  communities with d i s t i n c t l y  d i f f e r e n t  seasonal  pa t ­
t e r n s  of  abundance, and 3) t o  a s s e s s  th e  Inf luence of  s e le c te d  
environmental v a r i a b l e s  on th e  au to t roph Ic  groups In both communit ies.
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STUDY SITE
This In v e s t i g a t io n  was conducted In a s eagrass  meadow ap­
proximately 140 ha In s i z e  located on th e  so u th eas te rn  shore of  the  
Chesapeake Bay, V i rg in i a ,  U.S.A. (37° 25 f N. 75° 59'  W.), l o c a l ly  known 
as Vaucluse Shores .  The e n t i r e  a rea  was co-domlnated by Rupp la marl t lma 
In th e  nearshore  a r e a s  and by Zos te ra  marina In th e  deeper a rea s  with an 
In te rm edia te  a rea  of  mixed s tands  of  t h e  two s p e c i e s .  The s i t e  was 
s e l e c t e d  fo r  I t s  r e l a t i v e l y  p r i s t i n e  and s t a b l e  c h a r a c t e r i s t i c s ,  and be­
cause I t  had been prev ious ly  s tu d i e d ,  prov id ing some background 
Information.  The a rea  was surveyed along t r a n s e c t s  perpend icu la r  t o  the  
shore  (F igure  2.1)  and a v e g e t a t i v e  map developed by Orth and Moore 
(1979).  The s t u d i e s  repor ted  here were c a r r i e d  out  between t r a n s e c t s  B 
and C and encompassed th e  Z*. marina and iL. marl tlma communities (Figure 
2 . 1 ) .  The physica l  c h a r a c t e r i s t i c s  of  th e  a rea  Include p ro te c t io n  from 
heavy wave ac t io n  by an o f f s h o re  bar  , a sandy sediment which Is r e l a ­
t i v e l y  low In o rgan ic  co n te n t  (Wetzel 1983),  s a l i n i t y  range of  17°/oo t o  
25° /oo ,  and a tempera tu re  range of  0°C t o  30°C.
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Figure 1. Geographical location of and plant community distribution at the 
principal study, Vaucluse Shores, Chesapeake Bay, Virginia.
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MATERIALS AND METHODS
Oxygen Exchange: General Procedures
Production and r e s p i r a t i o n  f o r  each of  th e  p r in c ip a l  au to troph  Ic 
components were es t imated  from t h e  r a t e  of  evo lu t ion  or  consumption of  
d is so lved  oxygen va r ious  chamber des igns .  A mul t ichanne l .  Orb I sphere 
Oxygen Monitoring System (Model #2604) with H2S In s e n s i t i v e  po la rg raph lc  
probes and s e l f - c o n t a in e d  s t i r r e r  was used t o  measure oxygen 
c o n c e n t r a t i o n .  Light  as  p h o to s y n th e t l c a l ly  a c t i v e  r a d i a t i o n  (PAR: 400- 
700 nm) was monitored con t inuous ly  us ing a LI-Cor Model 185A Quantum 
Meter equipped with su r f a c e  and submarine quantum s enso r s .  Temperature 
was recorded cont inuous ly  from t h e  Orblsphere which employed th e rm is to r s  
contained  In th e  probe head.  Area s p e c i f i c  r a t e s  were c a l c u l a t e d  as :
mg 02 n f2 h~1 = CCJ+1-C fD / t ( t J+1- t f ) . Vrf . Arf-1
where: Cj = (mg l” S ,  I = 0 , 1 . . . n  (hours)
t j  = t ime (hours)  I th In te rva l
V. = volume of Incubation ( l i t e r )  d
2
Aj = bottom s u r f a c e  a rea  (m )
Dally r a t e s  fo r  each community were c a l c u l a t e d  by assuming t h a t  
th e  mean, midday hourly r a t e s  were c h a r a c t e r i s t i c  fo r  t h e  pho to -per lod ;  
r e s p i r a t i o n  r a t e s  determined from dark chamber Incubat ions were assumed 
c o n s ta n t  over t h e  24 hr  per iod .  Photoperiod was defined as 80jC of the  
s u n r i s e  t o  sunse t  t ime du ra t ion  fo r  t h e  season.  Seasonal e s t im a te s  were 
der ived  by de f in ing  "season"  as a func t ion  of  water te mpera tu re .  In the
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Z. marina a rea  t h e  fo l lowing seasonal  d i s t i n c t i o n s  were made: w in te r  
<10°C; sp r ing  and f a l l  10° to 20°C and,  summer >20°C. Because th e  R. 
marl t lma a rea  was only  sampled during th e  growing pe r io d ,  seasons a re  
def ined  as :  sp r ing  and f a l l  <25°C and summer >25°C. Seasonal e s t im a te s
were c a l c u l a t e d  as t h e  means between consecu t ive  (monthly) e s t i m a t e s .  
Annual e s t im a te s  a r e  simply t h e  sum of t h e  seasonal  e s t i m a t e s .  For com­
par ison  t o  da ta  r epor ted  el sewhere ,  t h e  oxygen da ta  were conver ted  t o  
carbon u n i t s  assuming a PQ of 1.25 (LIndeboom and deBree 1980) fo r  th e  
ne t  p ro d u c t i v i t y  e s t im a te s  and a RQ of 1.0 for  t h e  r e s p i r a t i o n  
e s t I m a t e s .
Plankton  Community 02 Exchange
Plankton community samples were c o l l e c t e d  by a Van Doren type  
water  sampler  from J u s t  below th e  water  s u r face  and drained  In to  l i g h t  
and dark s tandard  BOD b o t t l e s  (300 ml) .  T r i p l i c a t e  Incubat ions  f o r  both 
t h e  l i g h t  and th e  dark b o t t l e s  were made over t h e  In te rva l  1000 t o  1400 
h EST. For midday high t i d e  s t u d i e s ,  water  depth a t  t h e  Z*. mar 1na study 
s i t e  ranged from 1.0 t o  1.7 m and samples from near t h e  s u r f a c e  
(approximate ly 10 cm depth) and from J u s t  above th e  canopy top  were c o l ­
le c ted  and Incubated a t  t h e  depth of  c o l l e c t i o n .  For midday low t i d e  
s t u d i e s ,  water depth ranged from 0 .5  t o  0 .8  m and complete mixing was 
assumed. At th e s e  t im es ,  only  mid-depth water  samples were c o l l e c t e d  
and Incubated.  The water depth a t  t h e  JL. mar 111ma s i t e  ranged from 0.25 
t o  1.25 m, t h e r e f o r e ,  only  mid-depth water  samples were Incubated.
Water column r a t e s  a re  repo r te d  per  u n i t  water  s u r f a c e  a rea  and ca l c u ­
la ted  us ing th e  average water  depth over  the  Incubation  I n t e r v a l .
Oxygen co n c e n t r a t io n s  In t h e  b o t t l e s  were determined a t  t h e  beginning,
16
middle and end of t h e  Incubation per iod us ing th e  Orb I sphere probe 
sea led  Into t h e  BOD b o t t l e s .
Benthlc  0£ Exchange
For t h e  ben th lc  microalgae measurements,  t r i p l i c a t e ,  l i g h t  and 
dark ,  c y l i n d r i c a l  p l e x i g l a s s  chambers (750 ml) were placed on unveg­
e t a t e d  sediment w i th in  t h e  bed and Incubated as fo r  t h e  phytoplankton 
samples.  D up l ica te  c l e a r  chambers Inocula ted  with 10 ml, 10# (v/v)  
buf fered  seawater  formal in  ( s a t .  Mg COj) were used t o  e s t im a te  sediment
chemical oxygen demand (COD). O2  exchange e s t i m a t e s ,  c o r re c t e d  fo r  COD,
-2  -1 a r e  repo r ted  as mg O2  m (bottom area )  h . The amount of  unvegetated
su r f a c e  a rea  with in  t h e  Zj. marina and fL  marl tlma community were es ­
t imated  from percen t  cover da ta  (Orth and Moore 1982) and t h e  area l  r a t e  
e s t im a te  c o r r e c t e d  accord ing ly .
Macrophyte-eplphyte O2  Exchange
Rate e s t im a te s  fo r  th e  p l a n t  and ep iphy te  components ( p l a n t -
ep lphyte)  were combined fo r  th e  purposes of  t h i s  s tudy .  Rates were
c a l c u la t e d  as t h e  d i f f e r e n c e  between t o t a l  and th e  ben th lc  and plankton
r a t e s  es t imated  over t h e  same t ime I n t e r v a l s .  Total community r a t e s
were e s t im ated  by t h e  oxygen exchange In la rge  (260 I) p l e x i g l a s s  dome
enc losu re s  descr ibed  In d e t a i l  by Wetzel (1983).  The e s t im a te s  obta ined
In t h i s  manner were compared t o  o th e r  va lues  fo r  p l a n t - e p tp h y te  produc-
14t l o n  from t h e  same a r e a .  Other e s t im a te s  were obta ined  by 1) C 
r a d io i s o to p e  Incorpora t ion  (Wetzel 1983) and 2) by oxygen production 
(Murray, Chapter  2) o f  p l a n t  leaves with  ep iphy tes .  R esp i ra t ion  fo r  th e  
p l a n t - e p lp h y t e  component was c a l c u l a t e d  as  t h e  d i f f e r e n c e  In n ight t ime
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r e s p i r a t i o n  fo r  c l e a r  dome Incubat ions and r a t e s  fo r  th e  dark ben th lc  
chamber and dark plankton b o t t l e  Incubat ions .
The use of  d is so lved  oxygen evo lu t ion  as a measure of  primary
production In seag ra s s e s  has been much c r i t i c i z e d  ( e . g .  Hartman and
Brown 1967; ZIeman and Wetzel 1980). The b a s i s  of  the  c r i t i c i s m
Involves t h e  p o t e n t i a l  fo r  ( ^  s to r a g e  and recy c l in g  as well as  t r a n s p o r t
of  O2  t o  th e  sediments through p la n t  r o o t s .  Recent I n v e s t i g a t io n s  have
demonstrated t h a t  t h e  problems of  Oj s to r a g e  and recyc l ing  a re  t r a n s i e n t
and can be minimized by s t i r r i n g  the  water  surrounding th e  p l a n t  ( e . g .
Westlake 1978; Smith and Walker 1979; Kelly e t  a l .  1980). In a d d i t i o n ,
I t  appears t h a t  t h e  amount of  O2  t r a n s p o r t  through th e  vascu la r  lacuna I
system fo r  most submerged vascu la r  p l a n t s  Including Z. marina Is small
(< 5%) compared t o  t h e  t o t a l  O2  produced ( llzuml e t  a l .  1981; Sand-
Jensen e t  a l .  1982). Thus, t h e  problems with t h e  Oj te chn iques  seem t o
14be r e l a t i v e l y  minor. Other methods such as C-bIcarbona te  Incorpora­
t i o n  have s i m i l a r  problems (Wetzel and Penhale 1980), which may be even 
more s e r io u s  (Sondergaard and Sand-Jensen 1980). There fore ,  t h e  O2  
method was s e l e c t e d  fo r  t h i s  s tudy because I t  al lowed nlmultaneous 
measurements of  dark r e s p i r a t i o n  as w e l l .  F u r th e r ,  t h e  O2  method al lows 
fo r  cons is tency  of  methodology fo r  each of t h e  au to troph Ic components. 
While t h e  leaf-marking  techn ique  Is perhaps th e  l e a s t  ambiguous method 
f o r  e s t im a t in g  primary product ion of  s e a g ra s s ,  I t  g ives  no Ind ica t ion  of 
r e s p i r a t i o n .
18
RESULTS
Tables  2.1A and 2 . IB summarize environmental  c o n d i t io n s  fo r  each 
da te  s t u d i e s  were conducted a t  th e  2*. marina and IL. marl t lma a r e a s .  The 
s t u d i e s  covered a water  tempera tu re  range of  7°C t o  29°C. For t h e s e  
s p e c i f i c  s t u d i e s ,  submarine l i g h t  (PAR) c o n d i t io n s  were g e n e r a l l y  a t  or 
above p h o tosyn the t ic  s a t u r a t i o n  I n t e n s i t i e s  fo r  both vascu la r  p l a n t  
(Wetzel and Penhale 1983) and microa lgae (Taylor 1964; Cadee and Hageman 
1974; Admlraal 1977) except  f o r  Z. marina during A p r i l ,  e a r l y  October 
and January s tu d i e s  and f o r  R. marl tlma during th e  October s tudy .  The 
s t u d i e s  encompass t h e  major growth and d!e-back per iods  fo r  both vas­
c u l a r  p l a n t  communit ies.  Table 2 .2  p re s e n t s  t h e  comparison of  methods
14fo r  p l a n t  p r o d u c t i v i t y  der ived  by d i f f e r e n c e  t o  those  derived  by C
Incorpora t ion  and Oj exchange.  Method A (described  by Wetzel and
14Penhale (1983),  Involved C Incubat ions of  p la n t s  and ep iphy te  In 300 
ml BOD b o t t l e s .  Method B Incorporated th e  same Incubation des ign ,  but  
employed th e  measurement In t h e  change of d is so lved  oxygen In t h e  
p r o d u c t i v i t y  e s t i m a t e s .  Values In Method C were determined as t h e  d i f ­
f e rence  In t o t a l  community p r o d u c t iv i t y  and th e  mlcroalgal  p ro d u c t i v i t y  
as  descr ibed  In th e  methods s e c t i o n .  The s i m i l a r i t y  In t h e  va lues  sug­
g e s t s  agreement among t h e  methods.
Net apparent  p r o d u c t i v i t y  (NAP) and r e s p i r a t i o n  e s t im a te s  fo r  th e  
t h r e e ,  p r in c ip a l  components o f  th e  Z. marina a rea  a r e  p resented  In 
F igure  2 . 2 .  The p ia n t - e p Ip h y te  component fo l lows th e  c h a r a c t e r i s t i c  b l -  
modal growth cyc le  fo r  Z. marina In Chesapeake Bay waters  (Orth e t  a l .  
I982; Wetzel I983),  which Is exem pli f ied  by a summer (August) dle -back  
p e r iod .  Winter ,  sp r ing  and l a t e  f a l l  a re  c l e a r l y  dominated by th e  
p ia n t - e p Ip h y te  component and dur ing mid-summer by t h e  phytoplank ton.
19
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Table 2 .2 .  Comparison o f  Methods f o r  d e r iv in g  P lan t  Net P r o d u c t iv i ty  
Es t imates
A. Z. Marina -  Epiphyte Complex
Method A^1^ 4 ) Method B ^ ( 4 ) Method C<3 >
Year: 1980 1982 1981
March 408 - 350
April - 273 310
May 1106 - -
June - 168 395
July - 1275 430
August 250 73 50
September 512 240 -
October 476 - 410
R. Maritima - Epiphyte Complex
May 191 - -
4 August 1139 - 757
15 August - - 951
September 678 311 600
October 510 240 263
C r a d i o t r a c e r  method (Wetzel & Penhale 1983).
B o t t l e  incuba t ions  of  in d iv id u a l  p l a n t s  us ing Op (Ch. 2 ) .  
Values ob ta ined  by d i f f e r e n c e  as per  t h i s  i n v e s t i g a t i o n .  
Conversion from gdw to  n r 2 based on biomass da ta  f o r  1981 
repor ted  by Wetzel (1983).  (gdw = grams dry weight)
( 1)
( 2 )
(3)
(4)
MG
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Figure 2.2. Mean (± S. D.) Net Apparent Productivity (top) and
Respiration (bottom) for the three autotrophic components 
in the Z. marina dominated community.
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Ben+hlc a lgae  g e n e r a l l y  had lower n e t  apparent  r a t e s ,  with higher summer 
and lower w in te r  v a lu e s .  Resp i ra t ion  of  t h e  p ia n t - e p Ip h y te  component 
Increased as  p i a n t - e p Ip h y te  NAP decreased a f t e r  the  h ig h e s t  p ro d u c t i v i t y  
period of  May, I n d ica t in g  a lag between th e  two p ro cesse s .  Plankton 
r e s p i r a t i o n  showed no c l e a r  seasonal p a t t e r n  but  reached minimum values  
during th e  pe r iods  of  peak p ia n t - ep Ip h y te  r e s p i r a t i o n  and maximum va lues  
during minimum p ia n t - e p Ip h y te  r e s p i r a t i o n  (expec t  In May). Benthlc 
r e s p i r a t i o n  r a t e s  were g en e ra l ly  lower than e i t h e r  t h e  p ia n t - e p Ip h y te  or 
plankton components; h ighes t  r a t e s  occurred  dur ing t h e  d ec l in e  In p l a n t  
p r o d u c t i v i t y  fo l lowing th e  May NAP peak.  Both mlcroalgal  components ex­
h ib i t e d  c l o s e  coupl ing of  NAP and r e s p i r a t i o n .
Net apparen t  p r o d u c t iv i t y  and r e s p i r a t i o n  e s t im a te s  for  t h e  com­
ponents w i th in  t h e  R. marlt lma a r e  presen ted  In Figure 2 . 3 .  The p l a n t -  
ep lphyte  complex e x h i b i t  a s in g u la r  peak In summer p r o d u c t i v i t y ,  which 
may be a func t ion  of  sampling des ign ( e . g .  measurements made from June 
t o  October ) .  Although t h e r e  a re  no da ta  p r i o r  t o  June,  Orth e t  a l .  
(1979) and Wetzel (1983) r e p o r t  maxlmun biomass for  R. martlma dur ing 
the  summer months. Compared t o  th e  Z. marina community, t h e  p l a n t -  
ep lphy te  complex c l e a r l y  dominates throughout  t h e  study  pe r iod .  The 
July  peak In R. mar I t lm a-epIphyte NAP co inc ides  with t h e  d e c l in e  In NAP 
of t h e  p ia n t - e p Ip h y te  complex fo r  t h e  Z. marina community. Mlcroalgal  
p r o d u c t i v i t y  r a t e s  a r e  cons ide rab le  lower and never dominated community 
NAP. R. marl t lma p Ian t - e p Ip h y te  r e s p i r a t i o n  dominated t o t a l  community 
r e s p i r a t i o n  and t racked  NAP, except  fo r  an Increase with p la n t  d ie -back  
In th e  f a l l .  G enera l ly ,  plankton r e s p i r a t i o n  r a t e s  fol low plankton NAP 
r a t e s  and a r e  comparable In magnitude t o  those  In t h e  Z. marina 
phytoplankton community. S im i la r  t o  th e  Zx. marina community, th e  JL.
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Figure 2.3. Mean (db S. D.) Net Apparent Productivity (top) and
Respiration (bottom) for the three autotrophic components 
in the R. marltlma dominated community.
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marlt lma community ben th lc  microalgae  r e s p i r a t i o n  ex h ib i ted  an Increase 
In r a t e  fol lowing peak macrophyte NAP. Both mlcroalgal  communities f o l ­
lowed th e  op p o s i te  p a t t e r n  of r e s p i r a t i o n  ex h ib i ted  by t h e  p l a n t -  
ep lphy te  complex, I . e .  when p Ian t - e p Iphy te  r e s p i r a t i o n  was h igh ,  th e  
mlcroalgal  r e s p i r a t i o n  was low, and v i s e  ve r sa .
Tables 2 .3  and 2 .4  summarize t h e  seasonal  and annual e s t im a te s  of 
g ross  production ( c a l c u l a t e d  as t h e  a l g e b ra i c  sum of  NAP and 
r e s p i r a t i o n )  and of  r e s p i r a t i o n .  Because of  t h e  assumption fo r  t h e  c a l ­
c u l a t i o n s ,  I . e .  midday r a t e s  ex t r a p o la t e d  t o  t h e  photoperiod and 
c o n s ta n t  r e s p i r a t i o n  over t h e  d le l  pe r io d ,  th e s e  e s t im a te s  probably a re  
maximized. The p a t t e r n  of  seasonal  dominance and r a t e s  of  produc tion by 
th e  va r ious  au to t ro p h lc  components Ind ica te  t h e  p o t e n t i a l  c o n t r i b u t i o n  
made by each t o  t o t a l  community metabolism. Based on th e s e  c a l c u l a t i o n s  
g ross  production by t h e  p Ian t - e p Ip h y te  component In t h e  marina com­
munity (Table 2 .3 )  accounted fo r  between 31% and 80/J of  t o t a l  dependent  
on season.  Annually t h e  v a s cu la r  p l a n t  component c o n t r ib u ted  an e s -  
t lmated  867 gC m or  55% o f  t o t a l  community g ross  p roduction .
Phytoplankton g ross  product ion  ranged between 10j& and 48JK seasona l ly
“2with an es t imated  g ross  annual product ion  of  488 gC m o r  3\% o f  t o t a l .
Benthlc a lgae  c o n t r i b u t i o n  ranged between \0$  and 25% s ea sona l ly  with an
“2es t imated  annual c o n t r i b u t i o n  of  225 gC m or  \4% of  t h e  t o t a l .  
R es p i ra t io n  by th e  var ious  components In t h e  Z. marina community var ied  
s e a s o n a l ly .  The p ia n t - e p Ip h y te  r e s p i r a t i o n  dominated a l l  seasons except  
w in te r  accounting f o r  41% t o  60% of  t h e  t o t a l .  In w in te r ,  t h e  plankton 
component accounted fo r  7336 of  t o t a l  community r e s p i r a t i o n  which may be 
an overes t im a te  due p r i n c i p a l l y  t o  t h e  few measurements made. I . e .  only 
two s t u d i e s  were conducted a t  water tempera tu res  below 10°C. Maximum
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b en th lc  r e s p i r a t i o n  r a t e s  and percen t  c o n t r i b u t i o n  occurred during th e  
summer.
Gross product ion by t h e  p la n t - ep Ip h y te  component In t h e  iL.
marl tlma community (Table 2 .4 )  seasona l ly  ranged from 44jJ t o  16$ of  t o -
_ 2
t a l ,  with an annual c o n t r i b u t i o n  of 707 gC m , o r  68{J of  t h e  t o t a l  
community g ross  p roduc t ion .  I t  Is recognized t h a t  e x t r a p o la t i o n  on an 
annual b a s i s  may no t  r e p r e s e n t  ac tual  va lues  due t o  t h e  lack of  w in te r  
e s t i m a t e s .  However, I t  Is  assumed t h a t  w in te r  p r o d u c t i v i t y  of  R. 
marl t lma Is minimal compared t o  t h a t  of t h e  growing season,  based on 
personal  obse rva t ion  of  complete denudation of  t h e  R._ marl tlma a rea  In 
t h e  w in te r .  C le a r ly  t h e  microalgae components were le s s  dominant, with 
annual c o n t r i b u t i o n s  of  26$ by th e  phytoplankton community and \0$  by 
t h e  ben th lc  microalgae community. The r e s p i r a t i o n  of components In th e  
R. marl tlma community a l s o  va r ie d  sea sona l ly  with p Ian t -ep Iphy te  
r e s p i r a t i o n  dominating annual r e s p i r a t i o n  (6 2 $ ) .  Percen t  annual 
r e s p i r a t i o n  r a t e s  of  t h e  mlcroalga l  components were s i m i l a r  t o  those  of  
mlcroalgal  NAP.
Production t o  r e s p i r a t i o n  r a t i o s  (P/R) In d ica te  th e  au to troph  Ic na­
t u r e  of  each component In t h e  two communit ies.  Both sea sona l ly  and 
annua l ly ,  t o t a l  community metabolism was a u to t r o p h lc ,  with t h e  except ion 
of  f a l l  In th e  R. marl tlma a r e a .  In terms of  o rgan ic  ma tte r  Input t o  
t h e  seagrass  community ( l e .  excess production  versus  r e s p i r a t i o n ) ,  
w i th in  th e  Z. marina community the  p ia n t - e p Ip h y te  component c l e a r l y  
dominates In the  w in te r  and s p r in g ,  t h e  p Ian t - e p Ip h y te  and plankton In 
t h e  summer and t h e  plankton and ben th lc  components In f a l l .  In t h e  R. 
marl tlma community th e  p ia n t - e p Ip h y te  and phytoplankton components a r e  
au to t ro p h lc  fo r  t h e  sp r ing  and summer, bu t  become h e t e ro t ro p h lc  ( l e .  P/R
29
Is  le ss  t h a t  1) In f a l l .  The ben th lc  community Is s t ro n g ly  au to t ro p h lc  
th roughout t h e  sampling pe r io d .  The lag between v as cu la r  p l a n t  produc­
t i o n  and I t s  u t i l i z a t i o n  Is e v id e n t  In t h e  h e t e r o t r o p h lc  na tu re  of  t h e  
component In f a l l  fol lowing t h e  growing season.  For t h e  phytoplankton 
component, p roduc tion  and consumption a r e  both s p a c f a l l y  and temporal ly  
more c l o s e l y  l inked .  However, t h i s  p a t t e rn  Is  not  ev iden t  In t h e  ben­
t h l c  component.
The p r o d u c t i v i t y  and r e s p i r a t i o n  r a t e  e s t im a te s  were f u r t h e r  
analyzed by simple,  p a i r -w is e  l i n e a r  r eg re s s io n  between s e le c te d  en­
vironmental  parameters  ( tempera tu re  and l i g h t )  and vascu la r  p la n t  
community biomass.  Tables  2 .5  and 2 .6  summarize th e s e  r e s u l t s .  In the  
Z. marina community, r e s p i r a t i o n  was s i g n i f i c a n t l y  c o r r e l e a t e d  with tem­
p e ra tu r e  fo r  a l l  b e n th lc  components,  while ne t  p ro d u c t i v i t y  was 
p o s i t i v e l y  c o r r e l a t e d  with tempera ture  fo r  t h e  benthos .  As Indica ted 
e a r l i e r ,  l i g h t  was optimal fo r  t h e  m a jo r i ty  of  th e s e  experiments ,  which 
Is supported by th e  lack of  s i g n i f i c a n t  c o r r e l a t i o n  between l i g h t  and 
NAP. P l a n t  biomass and Z. marina p Ian t - e p Iphy te  r e s p i r a t i o n  was pos i ­
t i v e l y  c o r r e l a t e d .
There Is  a p o s i t i v e  c o r r e l a t i o n  between t h e  R. marl t lma p l a n t -  
epIphyte  component and te m pera tu re ,  sugges t ing  NAP-temperature by R. 
mar l t lma . A s t ro n g e r  tempera tu re  dependence Is e x h ib i t e d  by th e  ben th lc  
p r o d u c t i v i t y  (note t h e  s i g n i f i c a n t  c o r r e l a t i o n ) .  As with t h e  Z. marina 
community, t h e r e  Is no s i g n i f i c a n t  c o r r e l a t i o n  with phytoplankton 
p r o d u c t i v i t y  and tem pera tu re .  R esp i ra t ion  was not  c o r r e l a t e d  with tem­
p e r a t u r e  fo r  any of  t h e  components, perhaps because tempera tu res  were 
not  low enough dur ing th e  sampling period t o  l i m i t  r e s p i r a t o r y  
p ro cesse s .  Benthlc mlcroalga l  p r o d u c t iv i ty  was only weakly c o r r e l a t e d
30
CO 
IdH-
°  5
(/> CSJO 
• r O  J3 
C/1
>>4-i £  
r -  £  O 
#d oj t -  
C C -P
id o  id 
q . s-C/1 £  »r* 
0)0 0.S- O CO 
id <u 
3  -O J-. cr c 
c/i id ii
4-> co a :  co a
Id *r— • f»
ai +-> >> 
r— CO 4->
•r—
0 ) ^  >CO Q) -r- 
• r  4-> +-> 
S O U  I id 35- T3 
• r  Id On) x  i. 
a . o  a .
s- >>+J
O 4-> C 
h-  -i- a>
C S- 
(/> =3 (0
•p E a
C E CL 0 ) 0 ( 0  
• r-  <J O +J
■r- +-> a)
4- c  z
4 -  (O CU ■— II O Q. a  c l
-o  C  
c  c  z  
o  (O•r* ■ n
+-> to (O
(O s. <u 
i— <u s-<D +-> (O
5- <u i-
oo  s_ •
<o s- 
c  a . ro 
o  “•i— r-
</) <o • 
to +j m |  
a» c  
s_ ai <uDIE £
a» c  +■» 
s -  o  
s. s-
1- •(- 0 - 4  
<0 >  4- I
<U C  X  C O E
•<- l/KM I— o 
a> i—
<D 4-> O 
r -  O JQ  .
a o  o o
E  l— 4->■I- 0) 0) D)
( O W E S
LO
•
C M
LU_l
CO<c
idc
I
CM
*
* *rx toCU Lf> 1 o IV.
• •
o oCO 1o-C4->c0)CO •leCL m o CO
< co 1 oz • • •o o o
*o>Q£ LO 1 1 1•
c oo4->JZ
Cidr—
Q. Q_ o CM o< sf CM 1— 1 1Z • • •o O o
•le *0) rH+-> a: co 1 1 00>> •-C o dQ.<r*
a.LlJi4-»£ Q. rx o 00id co CMr- Z • 1 • •a. o1 o o
r HH
1 3o.--» O 0) o>
o Q) u Eo CO id o
--- 4- 4-> COCM s- 4-> CO
<u 1 3 O id
s. E 00 co £
3 o
+-> LU • • • • •r*<0 2. COu w<U 4-> 4->a. .£ cE oi id<u r—•
I— _i a.
• • •
H CM oo
co
CO
a i
r —
cuN
4->
a)
3:
EO
t-
■ A
4->
x :
oi
■r—
a) in O
3 o rH• •
>> o ot. II IIT3
(Si <&CO
E +■> 4->id c £
id id
o> o u
• r •r*
II M- M-•r* •r*
x C £T3 Ol Ol
O) •I™ •r—
oo OO
. * *
r“ *
31
4 - CO
O 10
</> CM £
•r~ O  O
(/> ■r"
> 1 + J  + J
f— £  <0
(0 CU £
C £  -r-
10 O  Q .
a .  to
CO E  <U
0 ) o  £
s - u
r0 II
3  - a
c r £  a l
CO (0
• •»
p CO >>
to (J p
(0 •r— »r—
<U P  >
10 *r—
•r- p
0) £  a
to CU 3•1“ P  “O
CJ o
1 f0  £
s - s .  Q .
•r— <0
C0 -C  P
a . U  £
CU
s . >> £
O P  IO
p •i~  Q .
£ Q .
CO 3  C0
p E
£ E  P
CU o  a>
•r~ o  z
o
•r* p  ii
P £
P <0 a _
aj r— <X.
o Q . Z
o
■Q • a
£ £  C0
O <0 a>
•r“ £
P CO C0
cd £
r— <U C0
( U P  E
S- <U *r-
£ E  P
o c0 *r-
u £  S .
C0 (0
£ Q . E
o
*r* ^  •
CO to  O i l
CO P
a> e  a>
s . CU -C
0 >  E  P
0) c
£ O  S-
u  o •
£ • f -  4-r-C
<0 > 1
CU c  • « JC
£ cu E
•r— C/tVI
i— XJ *r- 1
CU 1— E
a) p  o
r— O  .£3 CM
a a )  <0 o
E 1—  +->
• r cu cu o>
OO c/> E E
CO
•
CM
Ll!
—I
CO
CO
osz
P
ccuCOa.<
oI
CO
o
*
CM
CO
in
CO
co
p
clO
Q_ O. 
<
o
o
oi
*o
oI
o«a-
oi
CTl
CU+-> a:>i
CTl
OO O
o
I
p
£co a. 
•—  <  
Q.  Z
*
CM
CO vo
o
o
oI
T““C1CJ 3Ocu O)o CO
o
CM CO
1 CO
cu E C0
£ E
3 LU O
p 3 •r*
(0 00
£
cu p P
a . -£ £
g O) C0
Q) •r* (Ml
1- a.
CO
a>>0)
o
cu
_£
p
pc<0
a
co>
00■IC
32
with l i g h t ,  due t o  sampling design ( I . e .  Incubation a t  optimum l i g h t ) .
P Ian t -ep Iphy te  and b en th lc  a lgae  p r o d u c t i v i t y  a r e  only weakly c o r r e l a t e d  
with l i g h t ,  due t o  sampling design ( l e .  Incubation a t  optimum l i g h t ) .  
C o r r e la t io n  of  l i g h t  with phytoplankton p r o d u c t i v i t y  Is nega t ive ,  per­
haps due t o  p h o to ln h lb l t lo n  (F ishe r  e t  a I 1982), which would r e s u l t  In 
an underes t imate  In plankton product ion fo r  t h e  a re a .
33
DISCUSSION
P ro d u c t i v i ty  and organic  ma tte r  production In submerged aqua t ic  
macrophyte communities Is p a r t i t i o n e d  among severa l  components whose Im­
por tance  and c o n t r i b u t i o n  may vary both s p a t i a l l y  and tem pora l ly .  These 
a r e  t h e  p l a n t  and I t s  a s soc ia ted  ep iphy te ,  ben th lc  microscopic and mac­
roscop ic  a lgae ,  and phytoplankton.  S tud ies  designed t o  i n v e s t i g a t e  
organ ic  ma tte r  p roduction ,  n u t r i e n t  c yc l ing  and v a r ious  a sp ec t s  of 
t r o p h i c  s t r u c t u r e  and/or energy-matter  f lu x  In th e s e  systems have 
predominately focused a t t e n t i o n  on one au to t ro p h lc  component, the  vas­
c u l a r  p l a n t .  Obviously,  th e  v as cu la r  p l a n t s  s t r u c t u r a l l y  d e f in e  th e  
boundar ies of  th e  system. However, func t iona l  a t t r i b u t e s  of  th e  ecosys­
tem such as p r o d u c t i v i t y ,  n u t r i e n t  c yc l ing  and energy-m atte r  f lu x  with 
regard  t o  t h e  c y c l e s  of  e s s e n t i a l  elements  and t r o p h i c  s t r u c t u r e  may be 
p a r t i t i o n e d  among o th e r  au to t ro p h lc  components t h a t  have escaped the  
general  a t t e n t i o n  of  many s t u d i e s .  The s t u d i e s  repo r te d  here focused 
a t t e n t i o n  on th e  p r i n c i p l e  au to t ro p h lc  components of  a temperate 
seag ra s s  ecosystem co-domlnated by Z±. marina and Rjl mar l t lma .
The annual ne t  production of  t h e  Z. marina p l a n t - e p lp h y te  was 452
_2
gC m , which Is comparable t o  repo r ted  va lues  fo r  o th e r  temperate g ras s
14f l a t s  employing both biomass and C r a d i o t r a c e r  methods ( P h i l l i p s  1974; 
Thayer e t  a l .  1975; Penhale 1977). Maximum product ion  fo r  t h i s  s tudy 
per iod  a t  Vaucluse Shores occurred  In w in te r ,  s p r in g ,  and e a r l y  summer 
and minimum r a t e s  In l a t e  summer and f a l l .  These da ta  suppor t  the  
c h a r a c t e r i s t i c  bI-modal growth p a t t e r n  repor ted  fo r  Z. marina e x i s t i n g  
a t  I t s  southern  l i m i t  (Orth and Moore 1979).
34
The R. marl t lma p Ian t - e p Ip h y te  annual n e t  p ro d u c t i v i t y  was 215 gC 
m . In a Nether lands  R. marl t lma seag ra s s  system, Verhoeven (1980) e s ­
t imated  t h e  annual product ion  t o  be 150 g AFDW (ash f r e e  dry weight)
■■2 -2m , which r e l a t e s  t o  approximately 200 g C m (assuming a 36.5^ carbon
c o n ten t  (Wetzel 1983)) .  Congdon and McComb (1979) found s i m i l a r  va lues
_2
In an A u s t r a l i a n  Rupp la dominated community ( e . g .  30-180 gC m on an 
annual b a s i s ,  assuming t h e  same convers ion as above).  These va lues  are 
only  s l i g h t l y  lower than those  a t  th e  Vaucluse Shores study s i t e ,  per­
haps due t o  growing season v a r i a t i o n s .
Annual production of  t h e  ben th lc  microalga I component In t h e  Zjl
-2  -2marina community t o t a l e d  225 gC m (32-95 gC m per season) .  In t h e  JL.
marl t lma community be n th lc  microalga I annual product ion was le ss  (106 gC
-2  -2  m ) and ranged from 30-45 gC m s e a s o n a l l y .  These va lues  correspond
well with annual e s t im a te s  of  product ion  fo r  a v a r i e t y  of sediment types
_2
which g e n e ra l ly  range between 100 and 200 gC m (Pomeroy 1959; Grontved 
1960; Pamatmat 1968; Marshall e t  a l .  1979; RIznyk and Phlnney 1972; van 
R aa l te  and V a l l e la  1976; J o i n t  1978; Zed le r  1980).  Comparative measures 
o f  produc tion  and r e s p i r a t i o n  fo r  d i f f e r e n t  s u b s t r a t e  types  In 
Chesapeake Bay shoal a rea s  have only  r e c e n t l y  been repo r ted  (Rizzo and 
Wetzel ,  unpubl.  ms . ) .  For f i v e  d i f f e r e n t  bu t  geog raph ica l ly  c l o s e  s e d i ­
ment ty p e s ,  they r e p o r t  an annual g ross  product ion  range of  107 t o  224
-2  -2gC m with a sub t lda l  e e l g r a s s  s i t e  e s t im a ted  a t  187 gC m .
Considering th e  high degree o f  s p a t i a l  and temporal v a r i a b i l i t y  as ­
s o c ia t e d  with th e se  measures (Rizzo and Wetzel ,  unpubl.  m s . ) ,  t h e  annual 
e s t im a te s  a r e  c o n s i s t e n t  with th e s e  d a t a .  The ben th lc  microalgae con­
t r i b u t e  between 5% and \A% t o  t o t a l  annual p roduc t ion ,  which b racke ts  
t h e  8^ repor ted  by Thayer e t  a l .  (1975).
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Plankton product ion In t h e  Z. marina a rea  ranged from 36-205 gC
-2  -2  m and s l i g h t l y  lower fo r  th e  R*. marl t lma community (66-150 gC m ) .
_2
Annual produc tion was 488 and 287 gC m fo r  t h e  Z*. mar Ina and R.
mar 111ma a r e a s  r e s p e c t i v e l y .  Consider ing  th e  dec rease  of  t h e  water
column with in  t h e  R. marlt lma commun!tyr both a rea s  c o n t r i b u t e  s im i l a r
v a lu e s .  These r a t e s  a re  higher  than  th o s e  repor ted  fo r  o th e r  s eag rass
_2
beds;  e . g .  T. t e s t ld ln u m  10-219 gC m , ( B I t t a k e r  1975) and 2U. marina 
_2
110 gC m , (D il lon  1973).  For fo r  open Chesapeake Bay w ate rs ,
_2
phytoplankton annual product ion ranges from 100-200 gC m (Pa t ten  e t
a l .  1963; Flemer 1970; Haas 1975; McCarthy e t  a l .  1975; Boynton e t  al
1982).  The higher g ross  annual e s t i m a t e  fo r  phytoplankton product ion In
t h i s  macrophyte community ag rees  with t h e  sugges t ion  t h a t  h a b i t a t s  of
t h i s  type  have g r e a t e r  p roduction  than a d jacen t  open-water  a reas
(TakahashI and Parsons 1972). They sugges t  t h a t  shal lower  waters
ge n e ra l ly  have Increased production  and can reach maximum le v e l s  of  1.8 
-2  -1gC m da . Thayer e t  a l .  (1975) r e p o r t  da ta  t h a t  Ind ica te s  th e  
phytoplankton community c o n t r i b u t e s  approximately 30JK t o  t o t a l  
a u to t ro p h lc  product ion where t h e  t o t a l  was p a r t i t i o n e d  among eel  g ra s s  
and e p ip h y te s ,  phytoplankton and b en th lc  microa lgae .  My e s t im a te s  of  
31 using t h e  same p r in c ip a l  components agrees  very well with t h e i r  
assessment .  Independent measures of  phytoplankton pho tosyn thes i s  from
th e  Z. marina study s i t e  (Wetzel e t  a l .  1979) In summer and f a l l  using
14 - 3 - 1C r a d i o t r a c e r  t echn iques  In d ica te  a Ju ly  average of  170 mgC m h and
an October average of  93 mgC m- ^ h- ^. These agree  well with t h e  range
of  va lues  f o r  n e t  apparent  p r o d u c t i v i t y  ( I . e .  50 mg C In July  and 120 mg
C In October) us ing oxygen.
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A combination of  f a c t o r s  might exp la in  g r e a t e r  water column
product ion wi th in  t h e  seag ra s s  system than a d j acen t  open w ate rs .  Using 
14t h e  C r a d io i s o to p e  da ta  repo r te d  by Wetzel e t  a I . .  (1979),  th e
-2  -1phytoplankton l i g h t  s a t u r a t e  a t  approximately 85 uE m sec , which Is 
lower than  ty p i c a l  water  column l i g h t  c o n d i t io n s  In t h e  Z. marina area  
(Table 2 . 2 ) .  The Increased In s i t u  l i g h t  c o n d i t io n s  of  the  g ras s  bed 
may lead t o  Increased phytoplankton production .  Water depth In t h i s  
a rea  Is an average of  1 . 0 m ,  while average g ras s  length Is le ss  than  20 
cm.,  al lowing th e  phytoplankton t o  ’t a k e  advantage '  o f  t h e  high 
r e m ln e ra l Iz a t Io n  r a t e s  (Nixon 1981) with in  t h e  nearshore  community. 
T h ere fo re ,  I t  may be t h a t  t h e  high leve l s  of  phytoplankton production  In 
th e  Z*. marina community a r e  due t o  1) favorab le  l i g h t  co n d i t io n s  and 2) 
lack of  macrophyte Influence  on phytoplankton except  during peak macro- 
phyte biomass,  ( I . e .  no te  lower phytoplankton production  during s p r ing  
and e a r l y  summer (F igure 2 .2 ) )  on phytoplankton .  Although on an area  
b a s i s ,  t h e  phytoplankton product ion  of th e  R. marl tlma a rea  equaled t h a t  
of  t h e  Z. marina a r e a ,  t h e r e  Is some evidence f o r  p h o to l n h lb l t l o n .  The 
s i g n i f i c a n t  nega t ive  c o r r e l a t i o n  between plankton NAP and l i g h t  sugges ts  
t h a t  t h e r e  Is a decrease  In p ro d u c t i v i t y  with t h e  Increase In l i g h t .  If  
t h i s  Is  Indeed th e  c a s e ,  then  phytoplankton product ion In t h e  iL. 
mar 11 1ma a r e a  p o t e n t i a l l y  could be g r e a t e r  than t h e  r epor ted  va lues .
Carbon Production
As mentioned p rev ious ly  both Z*. marina and fL. marl tlma c o n t r i b u t e  
s i m i l a r l y  t o  th e  t o t a l  annual g ross  produc tion of  t h e  ecosystem.
However, annual ne t  produc tion  ( taken as t h e  d i f f e r e n c e  In g ross  and 
r e s p i r a t i o n )  In the  Z m. marina community exceeds t h a t  of  t h e  R* marl t lma
_2community by 282 g C m (Tables 2 .3  and 2 . 4 ) .  This  is  due t o  th e  
e l ev a te d  microalga I (b en th lc  and p lank ton ic )  r a t e s  in t h e  Z. marina 
a r e a .  Each macrophyte occupies  approximately h a l f  of th e  140 h ec ta re  
bed,  or  70 h e c t a r e s .  If t h e  macrophytes occupy 50$ of  t h e  a rea  (Orth e t  
a l .  1982), i t  Is r easonab le  t o  assume t h a t  t h e  o th e r  50$ is occupied by 
ben th lc  microalgae.  Based on th e se  c a l c u l a t i o n s ,  t h e  annual ne t  carbon 
produced by t h i s  seag ra s s  system Is 633 m e tr ic  tons  (Table 2 . 7 ) .  ( I t  
must be r e a l i z e d  t h a t  th e s e  va lues  a re  maximized due t o  t h e  high I r -  
rad lance  dur ing t h e  Incubation per iods  (Table 2 . 2 ) ) .  When cons ider ing  
t h a t  t h i s  e s t im a te  has accounted for  m ic rohe te ro t roph ic  u t i l i z a t i o n ,  I t  
Is reasonab le  t o  assume t h a t  t h i s  maximum annual n e t  production of  ca rb­
on is a v a i l a b l e  fo r  o th e r  r e s i d e n t  and t r a n s i e n t  consumers ( e . g .  
macroheterotrophs)  of  t h e  s eag ra s s  ecosystem. There fore ,  f a i l u r e  t o  In­
c lude  microalga I p ro d u c t i v i t y  r a t e s  for  seag ra s s  systems not only 
underes t imates  t o t a l  p roduc t ion ,  but  Ignores th e  perhaps more Important 
c o n t r i b u t i o n  t o  t h e  h e t e ro t ro p h lc  components.
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Table 2.7. Annual Carbon Production for the Vaucluse Shores 
Seagrass Bed
Area Component Metric Tons 
GPP R
Carbon
NPP
Z. marina Plant-epiphyte 608 290 315
Plankton 343 304 37
Benthos 155 97 63
Area Total* 1106 691 415
R. maritima Plant-epiphyte 493 342 151
Plankton 2 0 0 187 1 1
Benthos 77 2 2 57
Area Total^ 770 551 219
Total for two areas 1876 1242 633
1. Assuming equal values.for the Z. marina - R . marltlma ecotone.
2. GPP=Gross primary production; R=Respiration; NPP=Net primary 
production, calculated as the difference in GPP and R.
CHAPTER 3
COMMUNITY STRUCTURE, RELATIVE ABUNDANCE AND METABOLISM 
OF EPIPHYTES COLONIZING ZOSTERA MARINA IN TWO LOWER 
CHESAPEAKE BAY SEAGRASS COMMUNITIES
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INTRODUCTION
The e p i p h y t i c  popu la t ions  of  macrophytes vary both s t r u c t u r a l l y  and 
fu n c t i o n a l l y  among n a t u r a l l y  occur r ing  submerged a q u a t ic  p l a n t  
ecosystems.  Capone e t  a l .  (1979) documented such v a r i a t i o n s  In a L  
testud lnum seag ra s s  community In Bimini .  These v a r i a t i o n s  may r e s u l t  
from d i f f e r e n c e s  In environmental c o n d i t i o n s ,  e s p e c i a l l y  In n u t r i e n t  
co n c e n t r a t i o n s  and l i g h t  regimes .  If e i t h e r  of  th e s e  co n d i t io n s  a r e  
l i m i t i n g ,  e p ip h y t i c  growth may a l s o  be l im i ted .  However, If  environmen­
t a l  c o n d i t io n s  become no n - l im i t in g  (such as In n u t r i e n t  en r ichment) ,  
e p ip h y t i c  growth may Inc rease .  This  Increase  In growth could be 
de t r imenta l  t o  t h e  macrophyte by decreas ing  a v a i l a b l e  l i g h t  t o  t h e  p la n t  
and u l t im a te ly  may lead t o  th e  demise of  th e  community. The purpose of  
t h i s  p r o j e c t  was t o  e v a l u a t e  e p ip h y t i c  co lo n iz a t io n  of  Zos te ra  marina In 
two lower Chesapeake Bay seag ra s s  communit ies . The o b j e c t iv e s  were t o  
determine the  d i f f e r e n c e  In t h e  two a rea s  In 1) e p ip h y t i c  community 
s t r u c t u r e ;  2) t h e  r e l a t i v e  abundance of  ep lphy ts  upon th e  macrophytes 
and 3) p l a n t  and ep iphy te  p r o d u c t i v i t y  and r e s p i r a t i o n .
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STUDY SITE DESCRIPTIONS
To e v a lu a te  e p ip h y t i c  biomass and th e  p r o d u c t i v i t y  of  macrophyte 
and ep iphy tes  In na tu ra l  systems,  p l a n t s  were c o l l e c t e d  from two 
seag ras s  beds in t h e  lower Chesapeake Bay. The f i r s t  a r e a ,  located on 
th e  Eas te rn Shore of  V i rg in i a ,  a t  Vaucluse Shores ,  has been descr ibed  In 
Chapter  1. N u t r i e n t  c o n c e n t r a t i o n s  In t h e  a rea  a re  low, based on da ta  
from Wetzel e t  a l .  (1979).  The second a r e a ,  l o c a l ly  known as Guinea 
Marshes, Is located on V i r g i n i a ’ s western shore of  t h e  Chesapeake Bay a t  
t h e  mouth of  t h e  York River (F igure  3 . 1 ) .  The sampling a rea  was located 
with in  a small embayment p ro te c te d  by an o f f s h o re  i s la nd .  The s h o re l i n e  
of  the  embayment Is more populated  than Vaucluse Shores; t h e  houses a re  
equipped with s e p t i c  systems fo r  sewage d i s p o s a l .  Land uses In th e se  
two areas  of t h e  Chesapeake Bay have t r a d i t i o n a l l y  been d i f f e r e n t .  The 
Eastern  Shore Is  p r i n c i p a l l y  a g r i c u l t u r a l  and Is  sp a r se ly  popula ted.
The a rea  surrounding t h e  study s i t e  Is p a r t i c u l a r l y  und is turbed with 
only one house In t h e  Immediate v i c i n i t y .  In c o n t r a s t ,  t h e  western 
shore i s  more dense ly  populated and th e  land uses  vary from a g r i c u l t u r e  
t o  urban c i t i e s .  S p e c i f i c a l l y ,  t h e  a r e a  surrounding Guinea Marsh study 
s i t e  has some a g r i c u l t u r e  and several  p r i v a t e  r e s id e n c e s  (F igure  3 . 1 ) .  
The two areas  have s i m i l a r  tempera tu re  and l i g h t  regimes (Orth e t  a l .  
1982; Chapter  1,  t h i s  document),  however, no d a t a  e x i s t s  f o r  n u t r i e n t  
c o n c e n t ra t i o n s  from t h e  embayment a t  t h e  Guinea Marsh s i t e .
AVB 3MV3BVS3H9
4 .
Figure 3.1. The geographical location of the Vaucluse Shores 
and Guinea Marsh study site with the enlargement 
of the Guinea Marsh site.
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MATERIALS AND METHODS
S epara t ion  of  Macrophyte and Epiphyte:  Method Development
Cat taneo and Kal f f  (1977,1979) suggested  t h a t  a r t i f i c i a l  sub­
s t r a t e s ,  I . e .  p l a s t i c  r ibbons ,  develop comparable e p ip h y t i c  communities 
t o  th ose  of  IIve f reshwate r  submerged macrophytes. The advantage of 
e p ip h y t i c  c o lo n iz a t io n  of  a r t i f i c i a l  s u b s t r a t e s  Is t h a t  I t  al lows for  
t h e  de te rmina t ion  of  e p ip h y t i c  biomass and p ro d u c t iv i ty  without  d i s rup ­
t i o n  of t h e  v a s cu la r  p l a n t .  Beginning In Apri l of  1980 and con t inu ing  
monthly u n t i l  September,  polyeurythane r ibbons  s t r u c t u r a l l y  resembling 
Z. marina were deployed In th e  Vaucluse Shores seag rass  bed a t  d e n s i t i e s  
and leaf  length equal t o  t h e  na tu ra l  vege ta t ion  (based on da ta  from Orth 
and Moore, 1979). Colon iza t ion  of  t h e  a r t i f i c i a l  s u b s t r a t e s  and l ive  
g ra s s e s  was determined a t  two t o  t h r e e  week I n te rv a l s  us ing e p l f l o u r e s -  
c e n t  microscopy te ch n iq u es .  For each sampling pe r iod ,  s l i d e s  of  t h r e e  
s e p a ra t e  leaf  s e c t i o n s  were prepared .  A 2 cm s e c t io n  of  leaf  was placed 
In 3 ml sea w ate r ,  s t a in e d  with 20 ul p ro f l a v in  ( 0 . 033JK) and f ixed  with
200 ul 6% g Iu te ra ldehyde  (Haas, p e r s .  comm.). Ten s l i d e  g r i d s  (.024025 
_2
mm ) fo r  each s e c t io n  were counted,  and th e  mean and s tandard  dev ia t ion
fo r  th e  t h r e e  dominant groups a r e  r e p o r te d .
Penhale (1977) descr ibed  a method fo r  s ep a ra t in g  ep iphy tes  from Z*.
14marina p l a n t s  from a North Caro l ina  seag ra s s  system. Following C In­
cuba t ion ,  p l a n t s  were ly o p h l l l z e d ,  a f t e r  which th e  ep iphy tes  were e a s i l y  
s epa ra ted  from th e  p l a n t .  However, e p ip h y t i c  s p ec ie s  composit ion and 
abundance of  Penha le ’ s s tudy  a rea  d i f f e r  from th ose  a t  t h e  Vaucluse 
Shores study s i t e .  Firmly a t tached  diatoms of  th e  Vaucluse Shores a rea  
were not e a s i l y  removed fol lowing ly o p h l I I z a t l o n  (Penhale ,  p e r s .  comm.),
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render ing  th e  method unaccep table t o  t h i s  s tudy .  T h ere fo re ,  s epa ra t ion  
of  t h e  p l a n t  and ep iphy te  was accomplished by scrap ing  th e  leaf  as 
descr ibed  below.
Produc tion and R esp i ra t ion  Es t imates
P la n t  and ep iphy tes  were sepa ra ted  by g en t ly  scrap ing  the  
ep iphy tes  from th e  p l a n t  su r f a c e  with a f l a t  s p a tu l a .  The ep iphy tes  
were scraped Into f i l t e r e d  seawater  and c o l l e c t e d  by f i l t r a t i o n .  
P re l iminary  I n v e s t i g a t i o n s  were made t o  e s t im a te  t h e  e f f e c t  of  th e  
removal techn ique  of  ep iphy tes  on p l a n t  p r o d u c t i v i t y .  The p ro d u c t iv i t y  
of  p l a n t s  scraped c lean  of  e p ip h y t i c  ma te r ia l  was compared with t h a t  of  
unscraped p l a n t s  of  low e p ip h y t i c  d e n s i t i e s  a t  severa l  l i g h t  l e v e l s .  
Incubation of  ep iphy tes  removed from th e  p la n t  r e s u l t e d  In very low 
p ro d u c t i v i t y  and r e s p i r a t i o n  r a t e s ,  perhaps Ind ica t ing  damage t o  th e  
e p ip h y t i c  c e l l s  with removal.  R ep resen ta t ive  p l a n t  leaves cleaned in 
t h i s  fash ion  were checked each sampling per iod  fo r  removal e f f i c i e n c y  by 
examining random samples us ing e p l f I  o r e s c e n t  microscopy.  Based on ob­
s e r v a t i o n ,  removal e f f i c i e n c y  was g r e a t e r  than 90$ and fo r  t h e  m a jor i ty  
of  samples no ep iphy tes  were observed on scraped leaf  s u r f a c e .  The 
e p l f l o r e s c e n t  microscopy showed no observab le  evidence of p l a n t  t i s s u e  
damage by t h e  te chn ique .
P r o d u c t i v i t y  and r e s p i r a t i o n  e s t im a te s  were made by Incubating 
p l a n t s ,  scraped and unscraped,  In d u p l i c a t e  l i g h t  and dark 300 ml BOD 
b o t t l e s .  Epiphyte p ro d u c t iv i ty  and r e s p i r a t i o n  was determined as th e  
d i f f e r e n c e  In scraped and unscraped p l a n t s .  Temperature and l i g h t  were 
c o n t ro l l e d  by p lac ing  t h e  b o t t l e s  In f low-through water  ba ths  located In 
f u l l  s u n l i g h t ,  bu t  shaded t o  ambient l e v e l s  by neu t ra l  d en s i ty
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sc reen in g .  Oxygen c o n ce n t r a t i o n  was measured a t  0,  2 ,  and 4 hours with 
th e  Orblsphere  (Chapter  1) equipped with a c o l l a r  designed t o  f i t  and 
seal  Into  th e  opening of  a s tandard  BOD b o t t l e .  P r o d u c t iv i ty  fo r  both 
p l a n t  and ep iphyte  a r e  repor ted  as th e  mean mg 0 j  g (dry weight  p l a n t ) -1 
h r " 1 .
Epiphyte Biomass Determination
P la n t s  were randomly c o l l e c t e d  In t h e  f i e l d  by hand, placed In a 
bucket  of  ambient w ate r ,  r e tu rned  t o  t h e  l abo ra to ry ,  and processed 
Immediately.  Epiphyte biomass was determined by sc rap ing  th e  leaf  su r ­
faces  In to  f i l t e r e d  sea  water ,  c o l l e c t e d  by f i l t r a t i o n  onto  preweighed 
g l a s s  f i b e r  f i l t e r s  (Whatman GF/F),and d r ied  a t  60°C and weighed t o  th e  
n e a re s t  0.01 mg. Biomass Is r epor ted  as mg dry weight  ep iphy te .g  dry 
weight pi a n t " 1.
Enumeration of c e l l s  was made using e p l f l o u r e s c e n t  microscopy t o  
determine community s t r u c t u r e  and dominant groups.  S l id e s  of  colonized 
l iv e  p l a n t s  were prepared as  descr ibed  fo r  the  leaf  s e c t i o n s .
Chlorophyll  a. was determined spect rophotometer  l e a l l y  on dimethyl 
suI foxI de-ace tone  e x t r a c t s  (Shoaf 1976 and S t a u f f e r  e t  a l .  1979) of 
ep ip h y t i c  mate ria l  f i l t e r e d  onto  g l a s s  f i b e r  f i l t e r s  as above.
P l a n t  Morphology
P la n t  morphology c h a r a c t e r i s t i c s  were determined on whole p la n t s  
c o l l e c t e d  from th e  two study a r e a s .  Leaf number, length ,  and width was 
measured fo r  e i g h t  p l a n t s  from each of t h e  s i t e s .  The means of  th e se  
va lues  and th e  c a l c u l a t e d  leaf  a rea  Is r e p o r te d .
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RESULTS
Table 3.1 p re s e n t s  t h e  r e s u l t s  of  t h e  e p ip h y t i c  c o l o n iz a t io n  on 
a r t i f i c i a l  and na tu ra l  macrophyte s u b s t r a t e s  f i e l d  s t u d i e s .  The abun­
dance and dominant groups d i f f e r e d  between th e  two s u b s t r a t e  type s .
E p l f lo u re s c e n t  counts showed t h a t  t h e  a r t i f i c i a l  s u b s t r a t e s  became 
co lonized  with b a c t e r i a  w ith in  two weeks, and by e i g h t  weeks t h e  com­
munity c o n s i s t e d  of  a var ied  assemblage of  f i l amentous  a lgae  and 
diatoms.  Co lon iza t ion  of t h e  na tu ra l  seag ra s s  leaf  a l s o  s t a r t e d  with 
b a c t e r i a ,  but  only one type  of  diatom p e r s i s t e d  th roughout th e  study 
per iod .  This sugges ts  t h a t  t h e  use of  a r t i f i c i a l  s u b s t r a t e s  In e v a l u a t ­
ing e p ip h y t i c  communities may be e r roneous ,  a t  l e a s t  f o r  Z. marina In 
t h i s  ecosystem.
The e f f e c t  of  scrap ing  on p l a n t  pho tosyn thes i s  Is presented  In
F igure 3 . 2 .  The da ta  Ind ica te  t h a t  th e  p h o tosyn the t ic  r a t e  of  p la n t s
with low e p ip h y t i c  c o l o n iz a t io n  Is not  Inh ib i ted  a t  l i g h t  l e v e l s  g r e a t e r  
-2  -1than 200 uE m sec (note  over lap  of  s tandard  e r r o r  b a r s ) .  T h ere fo re ,  
ep iphy te  p r o d u c t i v i t y  and r e s p i r a t i o n  de rived  as th e  d i f f e r e n c e  In 
unscraped and scraped p l a n t  r e p r e s e n t s  a f a i r l y  ac c u ra te  e s t im a te  of 
ep Iphy t Ic  metabo11sm.
F igure  3 .3  summarizes e p i p h y t i c  biomass (F igure  3 .3 -A ) ,  c e l l  abun­
dance (F igure  3.3-B) and ch lorophyl l  a . c o n ten t  (F igure  3.3-C) from th e  
two study s i t e s .  Ep iphytic  biomass w ith in  th e  two a rea s  were equal 
during s p r in g ,  bu t  a t  t h e  Guinea Marsh study s i t e  I t  Increased l i n e a r l y  
through August , while  remaining r e l a t i v e l y  low a t  th e  Vaucluse Shores 
s i t e .  By September,  no macrophytes remained a t  t h e  Guinea Marsh s i t e .
Table 3 .1 .  Comparison o f  ep iph ytic  co lon iza tion  on a r t i f i c i a l  and
natural macrophyte su b stra tes .  Cell abundance-number (x) • 
n r 2 ,  ±S.D.; N=30).
Date Colonization
time
Organism* Cell Abundance Cell Abundance 
a r t i f i c i a l  natural
5/9/81 2 mo. D ND** 0
B ND 345(+ 15.78)
B-G ND 12(+1.23)
5/26 2 wks. D 0 1
B 114 60(+.23)
B-G 36 (+12.16) 4
6/15/81 5 wks. D 321 (+53.46) 2241(+30.67)
B
B-G
s o l id  coverage 
(not counted) 
0
25(+15.52)
7 /23/81 9 wks. D 522 (+71.33) 377(+80.33)
B 0 0
B-G 0 0
8 /4 /81 11 wks. D 518 (+11.60) 934(+8.30)
B 0 0
B-G 0 0
8/28/81 D ND 69(+4.35)
B ND 0
B-G ND 0
9/17/81 D ND 0
B ND 0
B-G ND 0
* D = 
B =
Diatoms
Bacteria
B-G 
** ND
= Blue-Green Algae 
= Not Determined
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Figure 3.2. Productivity vs. Irridiance for Z. marina with and 
without epiphytic growth.
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Figure 3.3 Comparison of epiphytic biomass (A), cell abundance (B), 
and Chlorophyll a (C) content at Vaucluse Shores 
and Guinea Marsh.
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Community s t r u c t u r e  and c e l l  abundance a l s o  va r ied  between th e  two study 
s i t e s .  The t h r e e  dominant components Included dia toms,  b a c t e r i a  and 
b lue -green  a lgae ,  as  descr ibed  In d e t a i l  by von Montfrans e t  a l .  (1982).  
Diatoms and b a c t e r i a  were dominant for  t h e  f i r s t  t h r e e  months a t  Guinea 
Marsh. The August e p ip h y t i c  community completely covered a l l  p l a n t  leaf  
ma te r ia l  and c o n s i s t e d  of macrohete ro t rophs,  Including sponges, e n c r u s t ­
ing bryzoans and anemones. Due t o  th e  heavy co lo n iz a t io n  by 
macrohete ro t rophs,  enumeration of  Individual  c e l l s  by e p l f l o u r s c e n t  
microscopy was not  p o s s i b l e .  Abundance a t  th e  Vaucluse Shores s i t e  
remained low, with a s l i g h t  Increase In August In diatoms and b a c t e r i a .  
Although p re s en t  In r e l a t i v e l y  high numbers, b lue-green  a lgae  never 
dominated abundance In e i t h e r  a re a .  Chlorophyll  a  va lues  a re  c o n s i s t e n t  
with t h e  r e s u l t s  of  biomass and abundance, In t h a t  t h e  va lues  fo r  th e  
Guinea Marsh s i t e  f a r  exceeded those  of  t h e  Vaucluse Shores s i t e .  The 
high ch lorophyl l  a  va lues  In August Is due t o  f l l lm e n tous  green a lgae ,  
which were not  enumerated (no te  t h e  lack of  diatoms fo r  t h i s  d a t e . )
R esu l t s  fo r  p l a n t  and ep iphy te  metabolism s t u d i e s  a t  t h e  Vaucluse 
Shores and Guinea Marsh study s i t e s  a re  given In F igure  3 . 4 .  Macrophyte 
p r o d u c t i v i t y  fo r  Vaucluse Shores e x h i b i t s  t h e  same summer t ime depres ­
sion noted In o the r  s t u d i e s  fo r  t h e  same a rea  (Wetzel 1983), followed by 
an e a r l y  f a l l  Increase .  Epiphyte p ro d u c t i v i t y  was n e g l i g i b l e ,  and sup­
p o r t s  t h e  low values  of  biomass and ch lorophyl l  d a t a .  Epiphyte 
r e s p i r a t i o n  was a l s o  low and fol lowed ep iphy te  p r o d u c t i v i t y .  A com­
p l e t e l y  d i f f e r e n t  p a t t e r n  Is e x h ib i t e d  by t h e  Guinea Marsh community.
For th e  f i r s t  t h r e e  sampling pe r iods ,  p l a n t  p r o d u c t i v i t y  Increased ,  ex­
h i b i t i n g  an o p pos i te  p a t t e r n  from Vaucluse Shores.  Epiphyte 
p r o d u c t i v i t y  (while r e l a t i v e l y  high as compared t o  Vaucluse Shores)
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remained low u n t i l  Ju ly ,  when I t  almost  equaled t h a t  of t h e  p l a n t .  In 
August ,  t h e  ep iphy te  component was s t ro n g ly  h e t e r o t r o p h lc ,  as  would be 
expected  by th e  heavy macrofaunal c o l o n i z a t i o n .  Macrophyte p ro d u c t iv i t y  
was a l s o  g r e a t l y  reduced,  perhaps Ind ica t ing  p l a n t  s t r e s s  and/or  
senescence .  Epiphyte r e s p i r a t i o n  Increased as  e p ip h y t i c  p ro d u c t iv i t y  
Increased ,  which sugges ts  a s t rong  coupling of  au to t ro p h lc  and 
h e t e r o t r o p h lc  p rocesses .
P l a n t  morphology da ta  from t h e  two study a reas  a r e  presented  In 
Table  3 . 2 .  S i g n i f i c a n t  d i f f e r e n c e s  In mean width and a rea  were found 
fo r  p l a n t s  sampled from Vaucluse Shores and Guinea Marsh.
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DISCUSSION
R esu l t s  of  th e s e  f i e l d  s tu d i e s  Ind ica te  d i f f e r e n c e s  In ep ip h y t ic  
community s t r u c t u r e  and abundance between th e  Vaucluse Shores and Guinea 
Marsh study s i t e s .  I t  Is  hypothes ised t h a t  th e s e  d i f f e r e n c e s  a re  a t ­
t r i b u t a b l e  t o  Increased n u t r i e n t  c o n ce n t ra t io n s  t o  t h e  water  column 
and/or  reduced l i g h t  a t  t h e  Guinea Marsh s i t e ,  perhaps due t o  
anthropogenic n u t r i e n t  loading.  Ilzumt e t  a l .  C1980), P h i l l i p s  and 
Lewis (1983) and Short  (1983) r e p o r t  t h a t  eel g ra s s  morphology Is an In­
d i c a t o r  of  environmental n u t r i e n t  co n c e n t r a t i o n s  ( I . e .  p l a n t s  growing In 
a rea s  with h igher n u t r i e n t  c o n c e n t ra t i o n s  a re  more ro b u s t ,  with In­
c reased  lea f  wid th ,  length and a r e a ) .  The s i g n i f i c a n t  d i f f e r e n c e s  In 
t h e  p l a n t  morphology da ta  from th e s e  two study suppor t  t h e  hypothesi s  of  
Increased n u t r i e n t  c o n ce n t r a t io n s  a t  Guinea Marsh.
D if fe rences  In t h e  two communities a r e  f u r t h e r  suggested by th e  
d i f f e r e n c e s  In p l a n t  p r o d u c t i v i t y .  The Vaucluse Shores macrophyte 
p ro d u c t i v i t y  e x h ib i t e d  t h e  c h a r a c t e r i s t i c  mid-summer d ec l in e  with a l a t e  
summer-early f a l l  Increase descr ibed  by Wetzel (1983). However, the  
Guinea Marsh macrophytes followed an op p o s i te  p a t t e r n  ( I . e .  peak In June 
with a s teady  d e c l in e  t h e r e a f t e r ) .  The r e s u l t s  of  t h e  e p ip h y t i c  produc­
t i v i t y  s t u d i e s  c o r ro b o ra t e  th e  assumption (made In Chapter  1) t h a t  
ep iphy tes  a t  Vaucluse Shores c o n t r i b u t e  l i t t l e  t o  th e  t o t a l  community 
p roduc t ion .  The va lues  of  e p ip h y t i c  ne t  product ion provided In Figure 
3 .4  a r e  probably o veres t im a tes  a t t r i b u t a b l e  t o  problems In t h e  methodol­
ogy (sc rap ing  ep iphy tes  from p l a n t  l e aves ) .  Undoubtedly, t h i s  method 
causes  some Injury t o  t h e  seag ra s s  and I t s  ep ip h y te s ,  which can lead t o
55
an ove re s t im a te  of  t h e  r e l a t i v e  c o n t r i b u t i o n  of  ep iphy tes .  General ly ,  
t h e  c e l l  abundance and ch lorophyl l  a  da ta  (F igure  3 .3 )  a re  probably more 
r e l i a b l e  than th e  p ro d u c t i v i t y  d a t a .  Cons idering th e  f a c t  t h a t  
ch lo rophyl l  a  l eve l s  were u nde tec ta b le  (by f luoromete r  anan lys l s )  In 
Ju ly  (and th e r e f o r e  e p ip h y t i c  product ion was approximately 0) t h e  over -  
a l I  c o n t r i b u t i o n  of  ep iphy tes  t o  combined p la n t - e p ip h y t e  ne t  production 
fo r  t h e  summer period was le s s  than  10J& a t  t h i s  s i t e .
The e f f e c t  of  n u t r i e n t  enrichment on n a t u r a l l y  occurr ing  Z*. marina 
communities may be ev iden t  In comparing the  two study s i t e s .  At the  
Vaucluse Shores s i t e ,  which has r e l a t i v e l y  low n u t r i e n t  conce n t ra t ions  
compared t o  those  In t h e  lower York River (Webb, pe rs .  comm.), ep iphy te  
p r o d u c t i v i t y  remained low throughout  t h e  sampling pe r iod .  At t h e  Guinea 
Marsh s i t e ,  where n u t r i e n t  c o n c e n t ra t i o n s  may be h ighe r ,  th e  ep iphyte 
p r o d u c t i v i t y  was low In ea r ly  summer. However, In July I t  Increased t o  
almost  equal t h a t  o f  t h e  p l a n t ,  while  In t h e  fo l lowing months th e  
e p i p h y t i c  community became h e t e r o t r o p h lc .  Based on s tu d i e s  Involving 
n u t r i e n t  enrichment In a Rhode Is land coas ta l  lagoon, Har l ln  and Thorn- 
MIIIer  (1981) hypothesized t h a t  a t  low water  column n u t r i e n t  
c o n c e n t r a t i o n s ,  v a s cu la r  p l a n t  growth Is favored because they can draw 
from sediment n u t r i e n t  r e s e r v e s .  At In te rm ed ia te  n u t r i e n t  concentra­
t i o n s ,  macroscopic a lgae  ( I . e .  Ulva lac tuca  and Entromorpha p l umosa) 
become dominant,  and a t  high n u t r i e n t  c o n c e n t r a t io n s ,  p lank ton lc  a lgae  
re p la c e  b en th lc  au to t ro p h s .  The f ind ings  of  my study are  c o n s i s t e n t  
with t h i s  concept  If  one c o n s id e r s  t h a t  In t h e  absence of macroalgae,  
ep ip h y t i c  a lgae  dominate as long as t h e  vascu la r  p l a n t s  can p e r s i s t ,  but  
under cont inued  n u t r i e n t  enrichment,  th e  s eag rass  and t h e i r  ep ip h y t ic  
community a re  rep laced  by phytoplankton (and perhaps ben th lc  a lg a e ) .
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T here fo re ,  du ra t ion  of  exposure as well as  n u t r i e n t  c o n c e n t r a t i o n s ,  may 
both be Important In In te r p r e t in g  t h e  replacement of  communities a t  the  
Guinea Marsh s i t e .  F i r s t  t h e r e  was t h e  I n i t i a l  development of  a 
s t r o n g ly  au to t ro p h lc  ep iphy te  community, which was fol lowed by th e  
development of  a f i l t e r - f e e d i n g  macrohete ro t rophlc  ep iphy te  community. 
The development of  t h i s  type  of  community could sugges t  t h e  presence  of  
water  column p la nk ton ,  which serve  as a food source  f o r  t h e  f l l t e r -  
f e e d e r s .  Th is  hypothes is  Is c o n s i s t e n t  with t h a t  of  P h i l l i p s  e t  a l .  
(1978) ,  who sugges t  seag ra s s  community replacement by plankton with con­
t i n u a l  n u t r i e n t  enrichment.
CHAPTER 4
THE EFFECT OF NUTRIENT ENRICHMENT AND LIGHT REDUCTION 
ON ZOSTERA MARINA L. EPIPHYTIC GROWTH
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INTRODUCTION
The v a r i a t i o n  of  e p ip h y t i c  growth on Zos te ra  marina communities 
may be th e  r e s u l t  o f  v a r i a t i o n s  In envlromental paramete rs .  N u t r ien t  
enrichment t o  th e  water  column of submerged a q u a t ic  macrophyte systems 
promotes mlcroalgal  growth,  e s p e c i a l l y  th o se  e p ip h y t i c  on th e  p l a n t  
(Sand-Jensen and Sondergaard 1981).  Laboratory experiments Involving 
c o n t r o l l e d  n u t r i e n t  co n c e n t r a t io n s  and l i g h t  regimes enab le  t h e  more 
p r e c i s e  I n t e r p r e t a t i o n  of  t h e  e f f e c t s  of  th e s e  ex te rna l  parameters  on 
th e  growth and metabolism of  t h e  p ia n t - e p lp h y t e  complex.
The purpose of  t h i s  s tudy was t o  ev a lu a te  macrophyte- ep iphy te  In­
t e r a c t i o n s  under v a r i a b l e  n u t r i e n t  and l i g h t  regimes.  The o b je c t iv e s  
were t o :  1) I n v e s t i g a t e  t h e  e f f e c t  of  c o n t ro l l e d  n u t r i e n t  enrichment and 
l i g h t  reduc t ion  on e p ip h y t i c  biomass of  Z. marina. 2) ev a lu a te  th e  e f ­
f e c t  of  n u t r i e n t  enr ichment and l i g h t  reduc t ion  on p la n t  and ep iphyte  
p r o d u c t i v i t y ,  3) and e s t im a te  l i g h t  reduc t ion  due t o  e p ip h y t i c  growth on 
t h e  leaf  s u r f a c e .
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MATERIALS AND METHODS
Experimental Design
Z. marina p l a n t s  were c o l l e c t e d  In mid June from th e  Guinea Marsh 
s tudy area  described  In Chapter  2 .  P l a n t s  were r e tu rned  t o  th e  
labora to ry  and cleaned of ep ip h y t i c  growth by g en t ly  scrap ing  th e  leaf  
s u r f a c e s  with a f l a t  s p a t u l a ,  b lo t t e e d  dry,  weighed ( t o t a l  wet weight) 
and Ind iv idua l ly  p lan ted  In po ts  con ta in ing  cleaned  sand.  Twenty- four 
po t ted  p l a n t s  were placed In each of s i x ,  10 ga l lon  f low- through 
aquar i a  (F igure 4 . 1 ) .  Flow r a t e s  were maintained a t  approximately 350 
ml mln. which r e s u l t e d  In complete water tu rnover  t ime of  1.5 hours.  
The aquar ia  were Incubated on a l a rg e r ,  flowing sea  water t a b l e  t o  main­
t a i n  ambient r i v e r  water  te m pera tu res .  The fol lowing experimental  
t r e a tm e n t s  were used: two aquar i a  (numbers 1 and 2) had ambient 
( c o n t ro l )  n u t r i e n t  l e v e l s ;  two aquar ia  (numbers 3 and 4) had n i t rogen  
l e v e ls  30 t imes ambient and two aquar ia  (numbers 5 and 6) had n i t rogen  
l e v e ls  70 t imes ambient .  N u t r ien t  amendments were added accord ing t o  
t h e  Redf le ld  r a t i o  f o r  n i t rogen  and phosphorus (NP 16:1) and concen t ra ­
t i o n s  were maintained using s tock  s o lu t io n  of  47 uM ammonia n i t r a t e  and 
6 uM dI sodium phosphate by metering In to  t h e  aquar i a  with a mul t i - speed  
t r ansm is s ion  p e r i s t a l t i c  pump. Metering r a t e s  were monitored d a l ly  t o  
a s s u re  cons tan t  t r e a tm e n t s  th roughout  t h e  experiment.  Three of th e  
t a nks  (1 ,3  and 5 ) ,  were shaded with neu t ra l  d en s i ty  sc reens  t o  In s i t u  
l i g h t  leve l s  ( l e .  l i g h t  l e v e l s  normally experienced by th e  na tu ra l  com­
munity (Table 2 . 1 ) ) .  The o th e r  t h r e e  ta nks  (2,  4 ,  and 6 ) ,  were shaded 
t o  50% of  t h e  In s i t u  con t ro l  l e v e l s .  Water q u a l i t y
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Figure 4.1. Experimental design for the nutrient enrichment and 
light reduction investigations.
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parameters  measured over th e  course  of  th e  study Included d is so lved  
oxygen, t e m pera tu re ,  s a l i n i t y ,  and l i g h t  as  p h o to s y n th e t l c a l ly  a c t i v e  
r a d i a t i o n  (PAR). Oxygen conce n t ra t ion  was determined with an Orblsphere  
Oxygen Monitor (Model #2604).  Temperature and s a l i n i t y  were monitored 
da l ly  using a max-mln r e v e r s i b l e  thermometer and s a l i n i t y  determined 
using a r e f r a c t o m e t e r .  Ligh t  was con t inuous ly  measured over th e  
photoperiod ,  us ing a LI-COR Quantum Meter (Model #185A) a t  t h e  to p  of  
th e  p l a n t  canopy. Concen t ra t ions  of  n i t r a t e ,  n i t r i t e ,  ammonia and o r -  
thopohsphate  were determined on d u p l i c a t e  water  samples from each tank 
using s tan d a rd ,  Technlcon Auto Analyzer te chn iques  a t  t h e  beginning,  
mid, and f ina l  d a t e s  of  t h e  experiment .  The experiment was conducted 
fo r  a t o t a l  of  two weeks t o  minimize enc lo su re  e f f e c t s .
Treatment e f f e c t s
To determine  e p ip h y t i c  biomass on Z. marina leaves In th e s e  ex­
periments e i g h t  p l a n t s  were randomly sampled from each tank a t  t h e  end 
of  t h e  two week pe r iod .  The s u r f a c e s  were scraped In to f i l t e r e d  sea  
water ,  and processed as descr ibed  p rev ious ly  ( see  Chapter  2) t o  d e t e r ­
mine e p ip h y t i c  dry weight .
Light  A t tenua t ion  by Epiphytic  Growth
To e s t im a te  l i g h t  a t t e n u a t io n  due t o  ep ip h y t ic  growth,  two etched 
(sanded with rough grade sand paper)  p l e x i g l a s s  s l i d e s  were placed In 
each of  t h e  experimental  ta nks  and al lowed t o  co lon ize  fo r  t h e  du ra t ion  
of  th e  experiment .  L igh t  measurements were made befo re  and a f t e r  
c o l o n iz a t io n  by p lac ing  th e  s l i d e  over t h e  quantum sensor (In water)  of
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t h e  LI-  Cor Quantum meter .  The d i f f e r e n c e  In th e  two va lues  as percent  
was used t o  e s t im a te  t h e  l i g h t  reduc t ion  due t o  e p ip h y t i c  growth.
P ro d u c t i v i ty  and R es p i ra t io n  Es t imates
P ro d u c t i v i ty  and r e s p i r a t i o n  e s t im a te s  fo r  Z. marina were made by 
Incubating p l a n t s ,  scraped and unscraped.  In l i g h t  and dark 300 ml BOD 
b o t t l e s ,  as  descr ibed  In Chapter  2.  Epiphyte p ro d u c t iv i t y  and r e s p i r a ­
t i o n  were c a l c u l a t e d  as t h e  d i f f e r e n c e  between scraped and unscraped 
p l a n t .  Incuba tions  were conducted In t h e i r  r e s p e c t iv e  ta nks  t o  maintain 
ambient tempera tu re  and c o n t ro l l e d  l i g h t .  Oxygen concen t ra t ion  was 
measured a t  0,  2,  and 4 hours with t h e  Orblsphere (Chapter  1) using a 
po la rograph lc  probe equipped with a c o l l a r  designed t o  f i t  and seal  Into 
th e  opening of  a s tandard  BOD b o t t l e .
To e s t im a te  t r ea tm e n t  e f f e c t s  on p la n t  growth,  I n i t i a l  and f ina l  
measurements of  shoot  leng th ,  f r e sh  weight and leaf  number were d e t e r ­
mined on e i g h t  random p la n t  samples from each tank .  I n i t i a l  p l a n t  wet 
weights were ob ta ined  on t o t a l  p l a n t s  ( l eaves  and s h o o t s ) .
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RESULTS
Routine (every two days) sampling da ta  (Table 4 .1 )  Ind ica ted
l i t t l e  v a r i a t i o n  among t a nks  fo r  s a l i n i t y  (20-21o/oo) and tempera ture
(26-31°C),  but  r e l a t i v e l y  high midday d is so lved  oxygen co n c e n t ra t i o n s
(10-18 mg O j) .  Average midday PAR measurements In t h e  I Ig h t - c o n t ro l
-2  -1tanks  ( 1 , 3  and 5) ranged from 422 t o  490 uE m sec and In t h e  shaded
—2 —1tanks  (2 ,  4 and 6) ranged from 180 t o  220 uE m sec or  about  435? of  
t h e  con t ro l  l i g h t  l e v e l s .  Average n u t r i e n t  c o n c e n t r a t i o n s  over th e  ex­
periment show t h a t  fo r  t h e  c o n t ro l s  t a nks  (1 and 2) n i t rogen :phosphorus  
(N:P) r a t i o s  were approximate ly 7:1 while  In t h e  n u t r i e n t  amended tanks  
(3,  4,  5 and 6) were 18:1 and maintained according t o  Intended des ign .
I n i t i a l  and f i n a l  t o t a l  p l a n t  weight  and f in a l  ep iphy te  biomass 
a r e  given In F igure  4 . 2 .  There was no s i g n i f i c a n t  d i f f e r e n c e s  (®<=0.05) 
In mean whole p l a n t  weight over  t h e  course  of  t h e  exper iment  al though 
a l l  mean f in a l  va lues  were lower than  I n i t i a l  c o n d i t i o n s .  Epiphyte 
biomass a t  t h e  end of t h e  experiment was approximately equal in tanks  1 
through 5 .  Tank 6 was higher and d i f f e r e d  s i g n i f i c a n t l y  from a l l  
o t h e r s .
The r a t i o  (E:P) of  ep iphy te  biomass t o  p l a n t  le a f  biomass was used 
fo r  da ta  reduc t ion  t o  and t e s t  for  t r e a tm e n t  e f f e c t s .  The e f f e c t  of  am­
b i e n t  l i g h t  reduc t ion  and n u t r i e n t  t r e a tm e n t  on e p ip h y t i c  growth Is 
I l l u s t r a t e d  In Figure 4 . 3 .  In th e  shaded t a n k s ,  e p i p h y t i c  growth 
averaged approximately 70S? higher  than  In corresponding con t ro l  
t r e a tm e n t s .  In each l i g h t  t r e a tm e n t ,  e p ip h y t i c  growth per p l a n t  In­
c reased  with Increased n u t r i e n t  l e v e l .  In t h e  con t ro l  l i g h t  tanks  t h e
64
TABLE4.1. MEAN MIDDAY DISSOLVED OXYGEN, NUTRIENT CONCENTRATIONS AND LIGHT 
(PAR) INTENSITY IN THE EXPERIMENTAL TANKS. ENTRIES ARE MEAN OF 
ALL OBSERVATIONS MADE OVER THE TWO WEEK STUDY.
Tank
No.
o2
(mg O2
PO4 ” 3
(pM)
NO2 + NO3  
(pM)
nhJ
(pM)
N:P
(pM)
PAR
(pE m”2 sec~l)
1 11.9 0.49 1.19 3.57 7.67 470
2 9.52 0.49 0.71 2.69 6.94 180
3 16.7 7.74 72.3 59.6 17.0 422
4 10.7 7.97 68.4 67.1 17.0 188
5 18.5 13.4 128. 129. 19.2 490
6 10.5 15.1 142. 142. 19.1 2 2 0
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Figure 4.3 .  R esu lting  Men (*_ 1 S .D .; n -8) ep iphyte  (g  dry weight to  p lan t le a f  
(g dry weight) biomaas r a t io  follow ing the  study. The upper panel 
i s  grouped by l ig h t  regine and the lower panel by n u tr ie n t t r e a t ­
ment fo r convenience.
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g r e a t e s t  Increase occurred  between ambient and n u t r i e n t  level 1. In the  
shaded tanks  t h e  g r e a t e s t  Increase was between n u t r i e n t  level 1 and 
n u t r i e n t  level 2,  sugges t ing  a I n t e r a c t i v e  e f f e c t  between n u t r i e n t  con­
c e n t r a t i o n  and decreased l i g h t .  O v e ra l l ,  t h e  shaded tanks  had a g r e a t e r  
Increase In ep ip h y t ic  growth with Increased n u t r i e n t s .
Table 4 .2  summarizes t h e  r e s u l t s  of  s imple p a i r -w is e  comparison of 
mean r a t i o s  blocked by t r e a tm e n t  and g ives  t h e  p r o b a b i l i t y  t h a t  t h e  mean 
r a t i o s  a re  d i f f e r e n t .  There a re  s i g n i f i c a n t  d i f f e r e n c e s  In mean r a t i o s  
due t o  th e  l i g h t  and n u t r i e n t  t r e a tm e n t s .  Because th e  c a l c u l a t e d  t -  
s t a t l s t l c s  a re  nega t ive  fo r  a l l  comparisons us ing th e  blocking design 
I l l u s t r a t e d ,  both decreased l i g h t  and Increased n u t r i e n t  level had pos i ­
t i v e  e f f e c t s  on th e  r a t i o  and th us  ep iphyte  growth.  Table 4.3  
summarizes th e  r e s u l t s  of  a n a ly s i s  of  va r ia n ce  using an ANOVA Model I 
with f ixed  e f f e c t s .  As Ind ica ted ,  t h e r e  were highly s i g n i f i c a n t  main 
e f f e c t s  and a lower but  s i g n i f i c a n t  l i g h t -  n u t r i e n t  I n t e r a c t i v e  e f f e c t .
The degree of l i g h t  a t t e n t u a t l o n  due t o  ep iphyte  growth,  I . e .  
co l o n iz a t io n  on th e  t e s t  p l a t e s ,  Is presen ted  In Table 4 . 4 .  The data 
sugges t  t h a t  n u t r i e n t s  have a g r e a t e r  e f f e c t  than Inc iden t  l i g h t  reduc­
t i o n  ( I . e .  shading t r e a t m e n t s ) .  Figure  4 .4  I l l u s t r a t e s  t h e  r e l a t i o n s h i p  
between e p ip h y t i c  pe rcen t  l i g h t  reduc t ion  and th e  ep ip h y t i c  biomass.  
Percen t  l i g h t  reduct ion  Increased by an average of  58% In t h e  n u t r i e n t  
enr iched  t r ea tm e n ts  ( do t t ed  l i n e ) ,  while In t h e  shaded t r ea tm e n ts  
remained co n s ta n t  ( s o l i d  l i n e ) .  The da ta  sugges t  t h a t  pe rcen t  l i g h t  
reduc t ion  due t o  e p ip h y t i c  a t t e n u a t io n  remains co n s ta n t  over t h e  shading 
t r e a tm e n t s  but  Increases  lo g a r i th m ica l ly  with Increas ing n u t r i e n t  
l e v e l s .  O v e ra l l ,  t h e r e  Is an Increase In percen t
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TABLE 4.2. SIMPLE PAIR-WISE TESTS OF MEAN EPIPHYTE: PLANT LEAF BIOMASS
RATIO DIFFERENCES BLOCKED BY LIGHT (PAR) AND NUTRIENT 
TREATMENTS.
Blocks
Mean 
Comparison 
Test 
(tanks i-j)
d.f . 1  
(n)
t-
statistic
p2_ 
( X £  1 X j )
a. Light 1 - 2 14 -3.14 >.995
3-4 14 -1.18 >.800
5-6 14 -2.70 >.990
b. Nutrients
1. In situ PAR 1-3 14 -2 . 2 >.975
3-5 13 -0.714 >.750
1-5 13 -6.56 >.995
2 . 50% In siut PAR 2-4 14 -1.49 >.900
4-6 13 -2 . 2 0 >.975
2 - 6 13 -3.43 >.995
1 . d.f. = degrees of freedom for test statistic.
2. P = probability that the two means are significantly different.
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TABLE 4.3. MODEL I ANOVA (FIXED EFFECTS) FOR NUTRIENTS, LIGHT AND
INTERACTIVE EFFECTS ON EPIPHYTE: PLANT LEAF BIOMASS RATIOS.
Source df SS MS F
Nutrients 2 13.1 6.54 49.1**
Light 1 9.97 9.97 74.8**
Nutrients X Light 2 1.55 .777 5.83*
Error 40 5.33 .133
Total 45 29.9
* Significant 0 ■ 0.05
** Significant 0 * 0.01
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TABLE 4.4. TREATMENT EFFECTS ON EPIPHYTIC BIOMASS (A), x g DRY Wt.
PLANT- 1  (+ S. E.) AND LIGHT REDUCTION DUE TO EPIPHYTES 
(COLONIZATION OF SLIDES) (B), x PERCENT DECREASE (+ S. E.).
A. Nutrients*
Light 0 1 2
Control 47.4 1 1 0 . 128.
(3.8) (24.0) (11.5)
Shaded 91.6 166. 215.
(13.6) (24.2 (58.3)
B. Nutrients*
Light 0 1 2
Control 43.6 70.2 76.3
(3.78) (7.39) (0.85)
Shaded 45.1 67.0 68.3
(1.41) (0.071) (3.00)
* 0 « Ambient, 1 * 30X, 2 * 70X
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l i g h t  r educ t ion  with an Increase In ep iphyte  biomass t h a t  appears  t o  
asym pto t ica l ly  approach an upper l i m i t  probably governed by leaf  su r face  
a rea .
Figure 4 .5  summarizes t h e  p ro d u c t i v i t y  e s t im a te s  fo r  macrophyte 
leaves and e p ip h y te s .  The f i r s t  bar  In each group r e p r e s e n t s  t o t a l  ap­
pa ren t  ne t  p roduc t ion ,  t h e  second bar  r e s p i r a t i o n ,  and th e  t h i r d  bar  
g ross  p roduc t ion .  The top  a rea  of  each bar  Is ep iphyte  and th e  bottom 
macrophyte c o n t r i b u t i o n  r e s p e c t i v e l y .  In tanks  1, 2 ,  3 and 4 ,  ep iphyte  
and macrophyte ne t  and gross  p ro d u c t i v i t y  a re  approximately equa l .
Tanks with t h e  h ighe s t  n u t r i e n t  co n c e n t ra t io n s  (5 and 6 ) ,  show a s i g ­
n i f i c a n t  Increase  In t o t a l  p r o d u c t i v i t y .  While t h e r e  Is only a s l i g h t  
decrease  In macrophyte p ro d u c t iv i t y  over a l l  t r e a tm e n t s ,  ep iphyte  
p r o d u c t i v i t y  accounted fo r  approximately 90% of  the  t o t a l  In tanks  with 
t h e  h ighe s t  n u t r i e n t  co n ce n t ra t io n  under both cont ro l  and shaded l i g h t  
regimes.  R es p i ra t io n  remained low and r e l a t i v e l y  c o n s tan t  fo r  both 
ep iphy tes  and macrophytes In t r e a tm e n t s  1 through 4 bu t  macrophyte 
r e s p i r a t i o n  tended t o  Increase In tanks  5 and 6 ,  sugges t ing  s t r e s s .
Table 4 .5  summarizes changes In va r ious  m e r l s t l c  c h a r a c t e r i s t i c s  
fo r  th e  macrophytes.  All p l a n t s  show a ne t  loss  In weight and shoot  
length fo l lowing th e  experiment .  P l a n t s  In ambient n u t r i e n t  concen tra ­
t i o n s  show a ne t  gain of about one leaf  per  p l a n t ,  while t h e r e  Is an 
average loss  of  appr lx lmate ly  one le a f  and two leaves In n u t r i e n t  l eve ls  
1 and 2 r e s p e c t i v e l y .
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TABLE 4.5. TREATMENT EFFECTS FOLLOWING THE TWO WEEK STODY ON VARIOUS 
MERISTIC PARAMETERS FOR Z. MARINA. ENTRIES ARE THE MEAN 
+1 S.D. (n-8). ~
A. # g wet wt. plant “1
Nutrients
Light 0 1 2
Control - .2 1 -.44 -.04
(.22) (.20) (.08)
Shade -.25 -.19 -.14
(.29) (.13) (.08)
B. #shoot length (cm)
Nutrients
Light 0 1 2
Control
Shade
-1.2
(0.9)
-1.9
(1.1)
#leaf no.
-0.3
(2.0)
-1.8
(3.0)
0.42
(0.61)
-1.3
(1.1)
Light
Nutrients
0 1 2
Control +0.88 -0.50 -1.50
(.35) (.31) (.51)
Shade +0.88 -1.14 -1.71
(.35) (.55) (.48)
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DISCUSSION
The r e s u l t s  of  th e s e  microcosm s tu d ie s  Ind ica te  t h a t  ep ip h y t i c  
biomass on Z. marina Increases  with decreased l i g h t  and Increased 
n u t r i e n t  l e v e l s ,  and t h a t  s e p a r a t e ly  th e s e  f a c t o r s  have a g r e a t e r  e f f e c t  
on growth than t h e i r  I n t e r a c t i v e  e f f e c t .  The r e s u l t s  a r e  c o n s l s t a n t  
with da ta  repo r ted  elsewhere ,  which Ind ica te  t h a t  microalgae  ( I . e .  
diatoms) p h o to s y n th e t l c a l ly  s a t u r a t e  a t  lower l i g h t  I n t e n s i t i e s  than 
v as cu la r  p l a n t s  (Taylor 1964; I gna t lades  and Smayda 1970; Levin and 
Mackas 1972; Admlraal 1977) and assuming t h a t  e p ip h y t i c  diatoms s a t u r a t e  
a t  s i m i l a r  l i g h t  I n t e n s i t i e s  as  ben th lc  dia toms.  From a com pet i t ive  
s t a n d p o i n t ,  t h e  microalgae a r e  a t  an advantage under lower e s t u a r l n e  
l i g h t  c o n d i t i o n s .  Increased n u t r i e n t  c o n ce n t ra t io n s  In t h e  water column 
a l s o  favor  microalga I growth over t h a t  of  th e  va scu la r  p la n t ;  1) 
microalgae can Incorpora te  water column n u t r i e n t s  f a s t e r  and e a s i e r  
through d i r e c t  d i f f u s i o n ,  and 2) t h e  major source of  n u t r i e n t s  t o  macro­
phytes Is through sediment uptake,  al though t h i s  has not  been well 
documented (McRoy e t  a l .  1972; McRoy and Alexander 1975; Penhale and 
Thayer 1980).
Perhaps t h e  major s h o r t  term e f f e c t  of  Increased e p ip h y t i c  growth
on Z. marina Is In t h e  reduc t ion  of  l i g h t  t o  th e  p l a n t .  The cont ro l
-2  -1l i g h t  l e v e l s  of  approximate ly 460 uE m sec (Table 4 .1 )  a r e  well
above s a t u r a t i n g  fo r  both ep iphy te  (assuming a diatom popula t ion) and
v a s c u la r  p l a n t .  However, l i g h t  a v a i l a b l e  fo r  Z. marina pho tosyn thes i s
-2  -1was probably In t h e  range 115-250 uE m sec If t h e  co lonized  s l i d e s  
a c c u ra t e l y  e s t im a te  pe rcen t  l i g h t  reduc t ion  due t o  e p ip h y t i c  growth.
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These PAR le v e ls  a r e  suboptimaI,  p a r t i c u l a r l y  fo r  t h e  n u t r i e n t  enr iched
-2  -1t r e a tm e n t s .  The shaded- t rea tment  l i g h t  l e v e l s  of c a .  200 uE m sec
(Table 4 .2 )  a r e  above s a t u r a t i o n  fo r  t h e  microalgae  but  a r e  a t  or  below
s a t u r a t i o n  I n t e n s i t i e s  fo r  th e  vascu la r  p l a n t .  L igh t  a v a i l a b l e  under
th e  shaded t r ea tm e n ts  fo r  Z. marina was probably In th e  range 60-110 uE 
-2  -1m sec  , well below s a t u r a t i n g  p h o to s y n th e s i s ,  and very near th e
_2
repo r ted  range fo r  compensating I Igh t  I n t e n s i t i e s  of  50 t o  100 uE m
sec- * (Wetzel 1983).  The mean percen t  l i g h t  reduc t ion  of  4556 due t o
ep ip h y t i c  growth under ambient  l i g h t  and n u t r i e n t  co n d i t io n s  sugges ts
t h a t  fo r  n a t u r a l l y  o ccu r r ing  communit ies,  In s i t u  l i g h t  regimes must be 
-2  -1near 400 uE m sec reach ing  th e  p l a n t  canopy fo r  maximum r a t e s  of  
v a s cu la r  p l a n t  pho tosyn thes i s  t o  be r e a l i z e d .
The e f f e c t s  of  co n t ro l e d  pe r tu b a t lo n  on th e  p r o d u c t i v i t y  of t h e  
p l a n t  and ep iphy tes  a re  e v id e n t  from t h e  r e s u l t s  of  th e s e  labora to ry  
exper iments.  P r o d u c t i v i t y  of t h e  p la n t - e p lp h y t e  complex In t h e  ex­
perimental  s t u d i e s  remained f a i r l y  co n s ta n t  with ambient and lower level 
n u t r i e n t  t r ea tm e n t  In both con t ro l  and shaded l i g h t  regimes (F igure 4 . 4 ,  
ta nks  1 -4 ) .  P r o d u c t i v i t y  doubled In t h e  high n u t r i e n t  t r e a tm e n t s  ( tanks  
5 and 6) and g r e a t e r  than  90% of  gross  and n e t  apparent  p r o d u c t i v i t y  was 
a t t r i b u t a b l e  t o  t h e  ep iphy te  component. These da ta  sugges t  t h a t  s h o r t ­
term n u t r i e n t  enrichment changes t h e  community p ro d u c t i v i t y  s t r a t e g i e s  
and becomes dominated by t h e  ep ip h y t ic  microa lgae .  If th e s e  r e s u l t s  can 
be e x t r a p o la t e d  t o  na tu ra l  seag ra s s  systems In th e  Chesapeake Bay, then 
I would sugges t  t h a t  cont inued  n u t r i e n t  enrichment and/or l i g h t  reduc­
t i o n  with in  t h e  water column could change th e  p ro d u c t i v i t y  s t r u c t u r e  
from seag ra s s  domlnnated t o  ep iphy te  comlnated,  perhaps ev e n tu a l ly  a t  
t h e  expense of  t h e  macrophyte.
CHAPTER 5 
GENERAL DISCUSSION AND CONCLUSIONS
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The r e s u l t s  of  th e  f i r s t  s e c t i o n  of  t h i s  s tudy suppor t  th e
hypothes is  t h a t  seag ras s  systems a re  highly p roduc t ive .  The two
seag ra s s  communities Inves t iga ted  (dominated,  r e s p e c t i v e l y ,  by Zos te ra
marina and Rupp la marl t lma) e x h ib i t e d  annual ne t  product ion of  about  300 
_2
t o  600 g C m . These va lues  correspond well with values  repor ted  fo r  
s i m i l a r  seag ra s s  systems (Dil lon  1972; McRoy 1974; Verhoeven I979; 
Nelnhuls 1980). However, t h e  macrophytes a re  only p a r t i a l l y  r e s p o n s ib le  
fo r  th e s e  high product ion v a lu es .  Other au to t rophs  ( I . e .  phytoplankton,  
ben th lc  a lgae  and e p ip h y t i c  algae)  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h i s  high 
product ion  r a t e .  In t h i s  tempera te  s eag ra s s  system, th e  p la n t - e p lp h y te  
complex co n t r ib u te d  55% of  th e  annual carbon produced In t h e  Z. marina 
community and 64% In th e  R. marl tlma community. The remaining por t ion  
o f  t h e  annual carbon budget was produced by th e  microauto troph Ic com­
ponents ,  s p e c i f i c a l l y  t h e  b en th lc  microalgae  and th e  phytoplankton (45J6 
and 56% In t h e  Zj. marina and JEL. marl t lma a r e a s ,  r e s p e c t i v e l y . )  These 
va lues  compare well t o  o th e r  s t u d i e s ,  which have repor ted  
microau to t roph Ic c o n t r i b u t i o n s  between 50% and 50% of  t o t a l  community 
product ion  (Jones 1968; D i l lon  1971; B I t t a k e r  1975; Penhale 1977; Borum 
and Wlum Andersen 1980).  There fo re ,  t h e  exc lus ion  of  microalgae In e s ­
t im a te s  of  seag ra s s  community product ion  may r e s u l t  In underes t imates  of  
t hose  v a lu es .
Evidence fo r  h e te ro t ro p h lc  u t i l i z a t i o n  of  t h e  macrophytes v ia  t h e  
d e t r l t a l  pathway l i e s  In th e  Increase In p la n t - e p lp h y te  and ben th lc  
r e s p i r a t i o n  In both communities during p l a n t  d le -back  p e r io d s .  These 
d a ta  suppor t  prev ious  f ind ings  t h a t  submerged macrophytes a re  most 
r e a d i l y  u t i l i z e d  through decomposit ion processes  (Hargrave 1969;
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LIndeboom and deBree 1982; Wetzel 1983).  The annual
p r o d u c t i o n / r e s p i r a t i o n  va lues  of  g r e a t e r  than one Ind ica te  t h e  g e n e ra l ly  
au to t rophIc  na tu re  of  t h e  components and an annual ne t  excess of  primary 
p roduc tion .  This excess production Is e i t h e r  expor ted from and/or  
bur led  In t h e  system. Orth (1977) r e p o r t s  h igher o rgan ic  co n te n t  In t h e  
sediments of  grassbeds  compared t o  unvegetated a r e a s ,  which sugges ts  
bu r ia l  of  a t  l e a s t  p a r t  of  th e  excess  au to t ro p h lc  p roduction .
Although product ion va lues  fo r  t h e  two communities a re  s i m i l a r ,  
t h e i r  s t r a t e g i e s  In a t t a i n i n g  th e s e  r a t e s  a re  q u i e t  d i f f e r e n t .  Zj. 
marina e x h i b i t s  a nega t ive  response t o  Increas ing  te mpera tu re ,  caus ing  a 
summer d e c l in e  In macrophyte p roduc t ion .  However, t h e  au to t ro p h lc  na­
t u r e  of  t h e  community Is maintained by microalgae rep lac ing  th e  seagrass  
as t h e  dominant producer (community P/R r a t i o  = 1 .10 ) .  Macrophyte 
produc tion In t h e  marl t lma community Is  p o s i t i v e l y  c o r r e l a t e d  with 
Increas ing  tem pera tu re ,  gene ra t ing  a summer peak production followed by 
a d e c l in e  In f a l l .  Here microalgae  never dominates community produc­
t i o n ,  so t h a t  r ed u c t io n s  In seag ra s s  product ion r e s u l t  In reduc t ions  of  
th e  community p roduction .
In Chapter  1 th e  p l a n t  and ep iphy tes  were combined Into one com­
ponent because g ross  o bse rva t ions  Indica ted  low ep ip h y t i c  growth a t  the  
Vaucluse Shores study s i t e .  However, o th e r  s tu d ie s  have shown t h a t  
e p ip h y t i c  growth In Z. marina seag ras s  systems Is high,  and Indeed the  
e p ip h y t i c  p ro d u c t i v i t y  can equal t h a t  of  th e  p l a n t  a t  c e r t a i n  t imes  of  
th e  y ea r .  There fore ,  In communities with high e p ip h y t i c  growth,  the  
p o te n t i a l  fo r  microau totroph Ic c o n t r i b u t i o n s  t o  t o t a l  p r o d u c t i v i t y  Is 
even g r e a t e r  than shown In Chapter  1. S tud ies  (Chapter  2) were under­
taken t o  ev a lu a te  t h e  d i f f e r e n c e s  In e p ip h y t i c  p ro d u c t iv i t y  In two Z*.
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marina communities of  t h e  lower Chesapeake Bay; one with low e p ip h y t i c  
c o l o n iz a t io n  (Vaucluse Shores) th e  o th e r  with high e p ip h y t i c  co lo n iz a ­
t i o n  (Guinea Marsh).
Epiphyt ic p r o d u c t i v i t y  during th e  growing season a t  th e  Vaucluse 
Shores s i t e  remained low ( l e s s  than 0.5 mg 0 2  gdw p l a n t” * hr” * ) .  On 
t h e  o th e r  hand, t h e  e p ip h y t i c  p r o d u c t iv i t y  a t  the  Guinea Marsh s i t e  
reached a peak of  3 mg O2  gdw p la n t” * hr” * In Ju ly ,  which was comparable 
t o  t h e  p la n t  p r o d u c t i v i t y .  Fur ther  d i f f e r e n c e s  In t h e  ep ip h y t ic  
c o l o n iz a t io n s  were e v id e n t  In t h e  seasonal p a t t e r n  of  both p r o d u c t iv i ty  
and r e s p i r a t i o n  and In community s t r u c t u r e  ( I . e .  abundance and type  of 
organisms) .  Both communities were s i m i l a r  a t  the  beginning of  t h e  grow­
ing season and community s t r u c t u r e  remained r e l a t i v e l y  unchanged 
th roughout th e  study  pe r iod .  However, a t  Guinea Marsh both p r o d u c t iv i ty  
and r e s p i r a t i o n  ro se  t o  t h e i r  peaks In J u ly ,  which was fol lowed by the  
development of  s t r o n g ly  h e t e ro t ro p h lc  community In August . The com­
munity s t r u c t u r e  a t  Guinea Marsh a l s o  changed from a b a c t e r I a -d I  atom 
community t o  a macrohete ro t rophlc  one,  c o n s i s t i n g  of  s e s s i l e  f i l t e r -  
feeding  organisms.
C le a r ly ,  t h e  two e p ip h y t i c  communities d i f f e r e d  In s t r u c t u r e  and 
f u n c t io n .  The causes  of  th e s e  v a r i a t i o n s  may be d i f f e r e n c e s  In t h e  en­
vironmental  c o n d i t io n s  of  th e  a r e a s .  Based on th e  s i g n i f i c a n t  
d i f f e r e n c e s  of  t h e  p l a n t  morphology from t h e  two a r e a s ,  I t  was assumed 
t h a t  n u t r i e n t  enrichment a t  t h e  Guinea Marsh a rea  may be r e s p o n s ib le  for  
Increased e p ip h y t i c  growth.  A d d i t i o n a l ly ,  decreased l i g h t  caused by In­
c rea sed  water  column t u r b i d i t y  and e p i p h y t i c  growth could lead t o  p la n t  
s t r e s s  and/or  m o r t a l i t y .  The s tu d i e s  In t h e  f in a l  s e c t i o n  were designed
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t o  I n v e s t i g a t e  th e  e f f e c t  of  c o n t ro l l e d  n u t r i e n t  enrichment and l i g h t  
reduc t ion  on e p ip h y t i c  growth and p r o d u c t i v i t y .
The r e s u l t s  of  th e  experiments In Chapter  3 show t h a t  both In­
creased  n u t r i e n t s  and decreased l i g h t  caused an Increase  In e p ip h y t i c  
growth on Z. marina. This  Increase In e p ip h y t i c  growth a l s o  causes  a 
decrease  In l i g h t  a v a i l a b l e  t o  t h e  p l a n t ,  which r e s u l t s  In p l a n t  s t r e s s ,  
as  Is ev id e n t  by a decrease  In th e  t o t a l  number of  leaves with n u t r i e n t  
enrichment.  P r o d u c t iv i ty  of  t h e  e p ip h y t i c  component Increased s i g ­
n i f i c a n t l y  with n u t r i e n t  enrichment ,  and accounted f o r  as  much as 90$ of  
t h e  t o t a l  p r o d u c t i v i t y  ( p l a n t  and epiphyte)  In t h e  high n u t r i e n t / sh a d e d  
t a n k s .  Although th e s e  experiments were conducted fo r  a s h o r t  per iod  
(2weeks),  t h e  dramatic  changes In ep ip h y t ic  growth and p r o d u c t i v i t y  sug­
g e s t  t h a t  n u t r i e n t  enrichment and/or  a s soc ia ted  l i g h t  r educ t ion  may be 
In p a r t  r e s p o n s ib le  for  t h e  d i f f e r e n c e s  In t h e  e p ip h y t i c  communities of 
Z*. mar.lna.
The conc lus ions  of  th e s e  s t u d i e s  a re  as fo l lows:  1. The high r a t e  
o f  product ion o f  t h i s  seag ra s s  community Is genera ted  by a t  l e a s t  four 
a u to t ro h p lc  components; t h e  v a s cu la r  p la n t ,  t h e  phytoplankton,  t h e  ben­
t h l c  microalgae and the  e p i p h y t i c  microalgae.  2 .  The microalgae 
c o n t r i b u t e  s i g n i f i c a n t l y  t o  t o t a l  community production and f a i l u r e  t o  
Include t h e i r  p ro d u c t i v i t y  could lead t o  g ross  underes t imates  of  
s e a g ra s s  ecosystem p roduc t ion .  3.  The r e l a t i v e  c o n t r i b u t i o n  t o  t o t a l  
product ion  by th e  p la n t  and ep iphy te  components Is due t o  a ba lance  In 
com peti t ion  fo r  a v a i l a b l e  n u t r i e n t s  and l i g h t .  4.  Changes In t h e  
n u t r i e n t  and/or  l i g h t  regimes w ith in  a seag ras s  ecosystem causes  a s h i f t  
In t h i s  production  balance  from vascu la r  p l a n t  dominated t o  ep iphyte  
dominated, p oss ib ly  a t  t h e  expense of th e  macrophyte.
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